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ABSTRACT 


This  thesis  develops  a  Lanchester-type  force-on- force  combat  model 
simulating  small-unit  amphibious  operations.  The  model  commences  with 
a  ship-to-shore  assault  of  aggressor  forces  mounted  onboard  Landing 
Vehicle  Assault  craft  moving  against  a  defensive  force  ashore.  Once 
the  ship-to-shore  phase  of  combat  is  completed,  the  model  continues 
to  simulate  land  combat  further  inland  between  the  assaulting  aggressor 
forces  and  other  defensive  forces  occupying  key  terrain. 

The  main  thrust  of  the  thesis  is  to  alleviate  some  of  the  problems 
associated  with  the  inherent  abstractness  of  Lanchester-type  combat 
models;  specifically,  to  develop  "user-friendly"  input-data  and  output 
structure,  and  more  thorough  documentation  of  the  model's  algorithms 
to  provide  a  model  which  would  be  more  easily  understood  and  utilized 
by  students  of  combat  modeling. 


TABLE  OF  CONTENTS 


I.  INTRODUCTION  .  9 

A.  OVERVIEW  .  9 

B.  BACKGROUND  AND  GENERAL  MODEL  .  9 

1.  Overview  -  9 

2.  Original  Ship-to-Shore  Combat  Model  -  10 

3.  Original  Land  Combat  Model  -  10 

4.  The  Enhanced  Land  Combat  Model  -  11 

5.  The  Original  Small-Unit  Amphibious  Warfare  Model  —  11 

6.  The  Analysis  of  Park's  Model  -  12 

C.  MAJOR  GOAL  AND  OBJECTIVES  OF  THE  THESIS  .  12 

1.  Major  Goal  of  the  Thesis  -  12 

2.  Objectives  of  the  Thesis  -  12 

a.  Integration  of  Independent  Combat  Models  -  12 

b.  User-Friendly  Input-Data  and  Output  Structure  —  13 

c  Student-Oriented  Combat  Model  -  13 

II.  MODEL  ENHANCEMENTS  .  14 

A.  OVERVIEW  .  14 

B.  INTEGRATION  OF  SHIP-TO-SHORE  AND  LAND  COMBAT  MODELS  -  14 

C.  AGGRESSOR  FORCE  ATTRITION— SHIP-TO-SHORE  PHASE  .  15 

D.  STOCHASTIC  ATTRITION-RATE  COEFFICIENT  MODIFICATION  .  16 

E.  USER-FRIENDLY  I/O  STRUCTURE  .  22 

1.  User-Friendly  Input  Structure  -  24 

2.  User-Friendly  Output  Structure  -  25 


5 


F.  DOCUMENTATION  AND  PROGRAM  FORMAT  .  25 

III.  CURRENT  MODEL  DESIGN  .  27 

A.  OVERVIEW  .  27 

B.  SHIP-TO-SHORE  PHASE  .  27 

1.  Overview  -  27 

2.  LVA  Movement  Conceptualization  -  29 

3.  Overall  Force  Structure  -  32 

4.  Shore-Defense  Scenario  -  34 

a.  Defensive  Unit  Force  Levels  -  34 

b.  Defensive  Fire  Allocation  -  36 

(1)  Window  of  Engagement  -  36 

(2)  Engagement  Rules  -  36 

c.  Attrition-Rate  Coefficient  Computation  -  38 

d.  Defensive  Breakpoint  -  41 

5.  LVA  Assault  Wave  Conceptualization  -  41 

a.  Wave  Posture  -  41 

b.  Ground  Forces  Ashore  -  42 

6.  ATF  Fire  Support  Conceptualization  -  43 

a.  "Not  Located"  Shore  Defenses  -  43 

b.  "Located"  Shore  Defenses  -  43 

C.  LAND  COMBAT  PHASE  .  44 

1.  Overview  -  44 

2.  LVA  Movement  Conceptualization  -  45 

a.  General  -  45 

b.  Model  .  47 

c.  User-Defined  Routes  -  47 


6 


3.  LOS,  Detection,  and  Fire  allocation  -  51 

a.  LOS  .  51 

b.  Acquisition  -  54 

c.  Non-Firing  Detection  Rate  -  58 

d.  Fire  Allocation  -  61 

4.  Attrition  -  61 

5.  Battle  Termination  -  64 

IV.  FUTURE  ENHANCEMENTS  .  66 

A.  HETEROGENEOUS  FORCES  IN  THE  LAND  COMBAT  PHASE  .  66 

B.  LOGISTICAL  SUPPORT  . —  67 

C.  GRAPHICAL  BATTLE  SUMMARY  . —  68 

V.  FINAL  REMARKS  .  69 

A.  INTEGRATING  INITIALLY  INDEPENDENT  COMBAT  MODELS  .  69 

B.  THE  USER-ORIENTED  APPROACH  TO  COMBAT  MODELING  . —  69 

C.  A  COMBAT  MODEL  FOR  STUDENT  USE  . '  70 

APPENDIX  A:  USER'S  MANUAL  FOR  THE  SMALL-UNIT 

AMPHIBIOUS  OPERATION  COMBAT  MODEL  .  71 

APPENDIX  B:  COMPUTER  PROGRAM  FOR  THE  SMALL-UNIT 

AMPHIBIOUS  OPERATION  COMBAT  MODEL  . •—  99 

APPENDIX  C:  COMPLETE  INPUT  DATA  SET  FOR  THE 

SMALL-UNIT  AMPHIBIOUS  OPERATION  COMBAT  MODEL  .  132 

APPENDIX  D:  BLANK  INPUT  DATA  SET  FOR  THE 

SMALL-UNIT  AMPHIBIOUS  OPERATION  COMBAT  MODEL  .  136 

APPENDIX  E:  EXECUTIVE  PROGRAM  FOR  THE  SMALL-UNIT 

AMPHIBIOUS  OPERATION  COMBAT  MODEL  .  140 

APPENDIX  F:  COMPUTER  OUTPUT  FOR  THE  SMALL-UNIT 

AMPHIBIOUS  OPERATION  COMBAT  MODEL  .  141 

LIST  OF  REFERENCES  .  146 

BIBLIOGRAPHY  .  148 

INITIAL  DISTRIBUTION  LIST  .  149 

7 


LIST  OF  FIGURES 


Figure  2-1:  Beta  Density  - 20 

Figure  2-2:  Attrition-Rate  Coefficient  Curve  for  21 

A?.  =  0.75  and  ra  =  3000m  - 

e 

Figure  3-1:  Generalized  Flowchart  for  Small-Unit 

Amphibious  Operation  Combat  Model  -  23 

Figure  3-2:  LVA  Approach  Conceptualization  -  30 

Figure  3-3:  Generalized  Flowchart  for  Ship-to-Shore  Phase  -  31 

Figure  3-4:  Tactical  Employment  Parameters-- 

Sequential  Wave  Transition  -  33 

Figure  3-5:  Force  Interrelationships  -  35 

Figure  3-6:  Engagement  Window  Parameters  -  37 

Figure  3-7:  Generalized  Flowchart  for  Land  Combat  -  46 

Figure  3-8:  User  Determined  Routes  -  49 

Figure  3-9:  Route  Computation  -  50 

Figure  3-10:  Terrain  Conceptualization  -  52 

Figure  3-11:  Partial  LOS  Conceptualization  -  53 

Figure  3-12:  Search  Direction  -  59 

Figure  3-13:  Observer-Target  Scheme  -  3^ 

Figure  A-l:  LVA  Approach  Conceptualization  -  73 

Figure  A-2:  Land  Combat  Terrain  Model  -  74 


I.  INTRODUCTION 


A.  OVERVIEW 

This  thesis  develops  a  Lanchester-type  force-on-force  combat  model 
simulating  small-unit  amphibious  operations.  The  model  commences  with 
a  ship-to-shore  assault  of  aggressor  forces  (e.g.,  a  U.S.  Marine  Infantry 
Battalion),  mounted  onboard  Landing  Vehicle  Assault  craft  (LVA)  moving 
against  a  defensive  force  ashore  located  in  fixed  positions  along  the 
coast  the  aggressor  force  is  attempting  to  occupy.  Once  the  ship-to- 
shore  phase  of  combat  is  completed,  the  model  continues  to  simulate 
land  combat  further  inland  between  the  assaulting  aggressor  forces  and 
other  defensive  forces  occupying  key  terrain. 

The  main  thrust  of  the  thesis  is  to  alleviate  some  of  the  problems 
associated  with  the  inherent  abstractness  of  Lanchester-type  combat 
models  (see  [Ref.  1]),  and  specifically  to  integrate  and  enhance  work 
done  in  previous  models,  to  develop  "user-friendly"  enhancements,  and 
more  thorough  documentation  of  algorithms  to  provide  a  model  which  would 
be  more  easily  understood  and  utilized  by  students  of  combat  modeling. 

8.  BACKGROUND  AND  GENERAL  MODEL 

1 .  Overview 

The  small -unit ’amphibious  operation  combat  model  presented  in 
this  thesis  is  the  result  of  the  integration  and  enhancement  of  two 
independent  combat  models.  The  first  model  is  a  ship-to-shore  combat 
model  which  models  a  ship-to-shore  assault  conducted  by  landing  vehicle 
assault  craft  against  fixed  enemy  positions  ashore.  The  second  model 


is  a  land  combat  model  which  models  a  land  assault  conducted  by  LVA 
forces  on  a  beach,  against  fixed  enemy  positions  further  inland. 

2.  Original  Ship-to-Shore  Combat  Model 

The  ship-to-shore  combat  model  used  as  a  basis  for  this  thesis 
was  presented  in  a  thesis  by  David  L.  Chadwick  [Ref.  2],  It  modeled 
the  amphibious  assault  of  five  waves  of  LVA  against  a  defensive  force 
composed  of  tanks  and  antitank  guided  missiles  (ATGM)  in  fixed  positions 
ashore.  Attrition  was  modeled  using  Lanchester  area-fire  and  aimed-fire 
equations.  The  purpose  of  developing  such  a  model  was  to  determine  the 
optimal  design  characteristics  of  LVA  in  an  amphibious  assault  for  a 
given  combat  scenario.  The  optimal  design  of  an  LVA  was  considered 
to  be  that  design  which  produced  the  lowest  level  of  LVA  attrition  for 
the  given  combat  scenario. 

3.  Original  Land  Combat  Model 

The  land  combat  model  used  as  a  basis  for  this  thesis  was 
developed  in  Joseph  Smoler's  thesis  [Ref.  3].  It  modeled  land  combat 
conducted  by  three  aggressor  force  units  utilizing  tanks  assaulting 
three  defensive  force  units  armed  with  Tube-Launched,  Optical -Guided, 
Wire-Controlled  missiles  (TOW's)  in  fixed  positions.  The  location  of 
the  land  combat  was  the  Fulda  Gap  region  in  West  Germany.  Attrition 
was  modeled  using  Lanchester  aimed-fire  equations.  The  purpose  of 
Smoler's  thesis  was  to  develop  a  basic  small-unit  land  combat  model  for 
determining  optimal  defensive  unit  locations  for  a  given  combat  scenario. 
The  optimal  locations  of  the  defensive  units  we^e  considered  to  be  those 
locations  which  provided  the  lowest  level  of  attrition  of  the  defensive 
units  for  the  given  combat  scenario. 
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4.  The  Enhanced  Land  Combat  Model 

An  enhanced  version  of  Smoler's  land  combat  model  was  developed 
by  Glenn  Mills  in  his  thesis  [Ref.  4].  The  enhancements  developed  by 
Mills  added  flexibility  to  Smoler's  land  combat  model  by  providing 
user  selected  options  which  could  be  employed  depending  upon  the  abili¬ 
ties  and  desires  of  the  model's  user.  The  enhancements  included  the 
option  of  altering  the  aggressor  force’s  attack  routes  enabling  the  user 
to  study  not  only  the  optimal  defensive  unit  locations,  but  the  optimal 
aggressor  force  attack  routes  for  the  given  defensive  unit  locations  as 
wel  1 . 

A  second  enhancement  was  che  option  of  selecting  a  stochastic 
attrition-rate  coefficient.  This  introduced  the  element  of  randomness 
into  the  model's  attrition  algorithm  providing  a  more  realistic  approach 
to  modeling  a  unit's  fighting  effectiveness. 

The  third  enhancement  is  the  option  of  providing  alternate 
defensive  positions  so  that  the  defensive  units  could  move  to  more 
defensible  terrain  once  their  original  positions  had  become  untenable. 

5.  The  Original  Small-Unit  Amphibious  Warfare  Model 

The  original  small -unit  amphibious  warfare  model  used  as  a 
basis  for  this  thesis  was  developed  by  Soon  Dae  Park  in  his  thesis 
[Ref.  5].  Park's  model  attempted  to  conceptualize  the  flow  of  events 
of  an  amphibious  assault  by  first  running  the  ship-to-shore  model, 
followed  immediately  by  running  the  land  combat  model.  The  analysis 
of  this  model  as  a  class  project  served  as  the  catalyst  for  the  develop¬ 
ment  of  the  small-unit  amphibious  operation  combat  model  presented  in 
this  thesis. 
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6.  The  Analysis  of  Park's  Model 

The  class  project  conducted  by  Clay  Grubb,  Robert  Larson,  and 
this  author  had  as  its  purpose  the  analysis  of  Soon  Dae  Park's  small- 
unit  amphibious  operation  combat  model.  The  results  of  the  analysis 
revealed  the  value  of  Park's  thesis  in  providing  a  general  scheme  of 
events  for  the  modeling  of  small -unit  amphibious  operations.  The  results 
also  identified  some  enhancements  that  could  be  aoplied  to  his  conceptua¬ 
lized  model  that  would  integrate  the  ship-to-shore  and  land  combat  models 
into  a  singular  small-unit  amphibious  operation  combat  model.  The  develop¬ 
ment  and  application  of  these  enhancements  to  Park's  model  served  as  the 
foundation  for  this  thesis,  and  the  development  of  the  model  presented. 

C.  MAJOR  GOAL  AND  OBJECTIVES  OF  THE  THESIS 

1 .  Major  Goal  of  the  Thesis 

The  overall  goal  of  the  thesis  is  the  development  of  a  small-unit 
amphibious  operation  combat  model.  It  will  be  based  on  the  integration 
and  enhancement  of  the  two  combat  models  discussed  in  the  previous  section 
of  this  chapter.  There  are  three  underlying  objectives  of  the  thesis 
which  will  guide  the  development  of  the  model  toward  the  accomplishment 
of  this  goal . 

2.  Objectives  of  the  Thesis 

a.  Integration  of  Independent  Combat  Models 

The  first  objective  in  the  development  of  the  model  was  to 
integrate  two  initially  independent  combat  models  into  a  singular  con¬ 
tinuous  flow  combat  model.  This  was  accomplished  by  first  allowing 
force  levels  at  the  completion  of  the  ship-to-shore  phase  of  combat  to 
be  used  as  the  initial  force  levels  in  the  land  phase  of  combat. 
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Secondly,  it  was  recognized  that  four  combat  modeler:  con¬ 
tributed  to  the  resulting  model  presented  by  Park  in  his  thesis.  As 
such,  four  individualized  FORTRAN  coding  techniques  were  reformulated 
into  one  style  to  provide  a  more  tractible  small-unit  amphibious  oper¬ 
ation  combat  model . 

b.  User-Friendly  Input-Data  and  Output  Structure 

The  second  objective  of  the  thesis  was  to  provide  a  user- 
friendly  combat  model.  It  is  a  major  contention  of  this  thesis  that 
combat  modelers  have  not  adhered  closely  to  this  principle  when  pro¬ 
viding  combat  models  for  the  United  States  military.  Furthermore,  it 
is  believed  that  the  lack  of  concern  given  to  this  approach  of  combat 
modeling  is  a  major  reason  for  the  less  than  unanimous  reception  that 
combat  models  have  received  by  the  United  States  military  as  tools  for 
training  its  commanders  and  staffs.  Therefore,  the  model  presented  it. 
this  thesis  was  designed  and  documented  with  the  user's  capabilities 
and  needs  in  mind  as  opposed  to  those  of  the  Drogrammer. 

c.  Student-Oriented  Combat  Model 

The  third  objective  of  the  thesis  was  to  provide  the  student 
of  combat  modeling  with  a  combat  model  which  was  easily  understood  and 
studied.  As  a  result,  the  model  presented  in  this  thesis  was  designed 
with  a  low  level  of  complexity  to  allow  the  student  with  little  or  no 
experience  in  combat  modeling  to  understand  more  easily  the  combat 
modeling  theory  and  its  application. 
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II.  MODEL  ENHANCEMENTS 


A.  OVERVIEW 

This  thesis  had  as  its  goal  the  development  of  a  small-unit  amphibious 
operation  combat  model.  Guided  by  the  three  objectives  discussed  in 
Chapter  One,  five  modeling  enhancements  were  applied  to  the  two  original 
combat  models  serving  as  the  foundation  for  the  resulting  small -unit 
amphibious  operation  combat  model  presented  in  this  thesis.  The  enhance¬ 
ments  provide  for  the  proper  integration  of  the  ship-to-shore  and  land 
combat  models.  In  addition,  they  have  contributed  to  the  development 
of  a  more  user-friendly  combat  model  which  can  be  used  to  assist  combat 
modeling  students  in  their  understanding  the  theory  of  combat  modeling 
and  its  appl ication. 

B.  INTEGRATION  OF  SHIP-TO-SHORE  ANO  LAND  COMBAT  MODELS 

The  intent  of  the  model  presented  here  is  to  view  the  amphibious 
assault  as  a  continuous  process  made  up  of  two  phases  of  combat  (ship- 
to-shore,  and  land  combat)  where  the  land  combat  phase  is  dependent 
upon  the  outcome  of  the  ship-to-shore  combat  phase  of  the  model. 

Implementation  of  this  enhancement  called  for  the  creation  of  a 
new  variable.  Total  Landing  Force  Ashore  (TLF),  which  would  accumulate 
the  surviving  landing  force  of  each  assault  wave  as  it  reached  the  beach. 
This  total  landing  force  ashore  would  than  be  redistributed  into  three 
main  assault  units  for  the  land  combat  phase  of  the  model.  The 
rationale  for  the  redistribution  of  forces  is  based  on  realistic 


military  doctrine  which  is  to  maintain  a  well-balanced  force  when  the 
strength  and  location  of  the  enemy  is  unknown  to  the  assaulting  forces 
(as  is  assumed  in  the  model). 

Since  the  manner  in  which  defender  force  levels  are  determined  by 
the  ship-to-shore  and  land  combat  models  appears  to  be  quite  realistic, 
the  defending  force  level  as  modeled  by  Soon  Dae  Park  was  used  as  input 
to  the  land  combat  phase.  In  particular,  if  the  aggressor  force  had  been 
successful  in  routing  the  defending  forces  situated  on  the  beach, 
defending  forces  situated  further  inland  naturally  would  be  impelled 
to  defend  the  remaining  terrain  still  in  their  possession.  It  should 
be  noted  that  the  size  of  these  defending  forces  further  inland  is  an 
option  of  the  user  which  in  itself  can  be  varied  for  analysis  of  variant 
battle  scenarios. 

C.  AGGRESSOR  FORCE  ATTRITION— SHIP-TO-SHORE  PHASE 

Attrition  in  Lanchester-type  combat  modeling  is  based  upon  the 
expected  percentage  of  the  original  force  remaining  at  a  given  point 
in  time.  The  expected  percentage  of  forces  remaining  then  can  be 
restated  in  terms  of  a  real  number  to  represent  the  expected  number  of 
forces  remaining.  This  method  of  computing  reduced  force  levels  is 
considered  to  be  quite  appropriate  when  modeling  land  combat,  and  was 
implemented  by  Chadwick  in  his  ship-to-shore  combat  model  to  simulate 
IVA  attrition.  However,  use  of  Lanchester  equations  to  model  such 
vehicular  attrition  of  a  vehicle  at  sea  was  determined  to  be  inappro¬ 
priate.  Where  it  is  a  reasonable  assumption  that  a  disabled  vehicle 
on  land  still  can  contribute  something  toward  the  final  outcome  of 
the  battle  if  any  of  its  weapons  systems  or  onboard  troops  survive. 
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an  LVA  that  is  disabled  at  sea  is  of  no  use  to  the  amphibious  assault 
and  subsequent  land  combat  phase.  The  LVA  will  be  recovered,  and  on¬ 
board  troops  brought  to  the  landing  site  after  the  assault  has  taken 
place. 

Chadwick  was  not  concerned  with  this  distinction  due  to  his  model's 
purpose  of  modeling  LVA  attrition  in  terms  of  ship-to-shore  movement 
only.  Therefore,  he  simply  utilized  Lanchester  equations  in  modeling 
LVA  attrition  resulting  iri  fractionalized  losses  of  assaulting  LVA's. 
However,  if  a  ship-to-shore  combat  model  is  to  be  properly  integrated 
with  a  land  combat  model,  only  whole  numbers  of  LVA's  ashore  should  be 
used  as  input.  Hence,  an  enhancement  was  made  to  the  model. 

The  approach  was  to  find  the  integer  value  of  the  number  of  surviv¬ 
ing  LVA’s  in  each  assault  wave,  and  then  sum  these  values  resulting 
in  the  total  landing  force  ashore  (TLF) .  The  fractional  portion  remain¬ 
ing  was  considered  to  be  those  LVA's  disabled  at  sea  and  unable  to 
participate  in  the  land  combat  phase  of  the  operation. 

D.  STOCHASTIC  ATTRITION-RATE  COEFFICIENT  MODIFICATION 

Mill's  land  combat  model  allowed  the  user  the  option  of  selecting 
either  deterministic  or  stochastic  attrition-rate  coefficients  to  be 
used  in  assessing  the  attrition  of  opposing  forces.  The  justification 
for  utilizing  stochastic  attrition-rate  coefficients  to  model  force-on- 
force  attrition  rates  was  based  upon  the  assumption  that  the  attrition- 
rate  coefficient  is  a  random  quantity  measuring  a  unit's  fighting 
ability,  and  can  be  estimated  before  any  given  battle. 

This  can  be  illustrated  by  considering  the  expected  value  of  a 
random  variable.  For  example,  assume  a  probability  distribution  is 
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selected  for  the  random  variable  such  that  the  expected  value  of  the 
random  variable  is  equal  to  the  deterministic  attrition-rate  coefficient 
set  for  all  units.  When  a  random  sample  is  ta<en  from  this  distribution, 
the  individual  values  assigned  the  random  variable  will  serve  as 
individual  unit  attrition-rate  coeff icients,  where  the  sample  mean 
will  serve  as  the  overall  force  attrition-rate  coefficient.  The  result 
is  that  the  overall  force  attrition-rate  is  eqjal  to  the  sample  mean, 
which  is  approximately  equal  to  the  population  mean  of  the  random 
variable.  Recalling  that  this  population  was  selected  with  a  mean 
that  equalled  the  deterministic  attrition-rate  coefficient,  units  now 
have  their  own  individual  attrition-rate  coefficients,  while  the  force 
attrition-rate  coefficient  has  remained  close  to  the  intended  value  of 
the  deterministic  attrition-rate  coefficient.  This  is  more  realistic 
than  the  deterministic  option  since  each  unit  would  be  expected  to 
have  a  different  level  of  effectiveness,  which  necessarily  would  imply 
different  attrition  rates  while  maintaining  one  overall  force  level 
attrition  rate. 

The  attrition-rate  coefficient,  A^.,  is  used  as  the  measure  of  the 
rate  a  firer  in  Unit  i  attrits  a  target  in  Unit  j.  This  has  been 
likened  to  the  fighting  effectiveness  of  a  particular  Unit  i.  Obviously, 
this  is  a  variable  quantity  influenced  by  a  myriad  of  factors  to  include 
esprit  de  corps,  past  history  of  success  3r  failure,  prior  exposure  to 
combat,  weather,  quality  of  leadership,  etc.  The  intent  of  such  a 
basic  model  as  this  is  to  attempt  to  capture  the  overall  effect  of 
these  factors  by  developing  a  distribution  of  a  unit's  initial  fighting 
capabilities  (specifically,  to  develop  a  distribution  of  A^'s  for  the 


Mills  proposed  a  distribution  based  upon  a  quadradic  function  which 
would  produce  a  symmetric  distribution  with  a  mean  value  of  approximately 
0.55.  This  distribution  restricted  a  unit's  maximum  effectiveness  to 
only  80  percent  of  its  maximum  capable  effectiveness  level.  It  also 
implied  that  the  average  unit  in  combat  will  only  perform  at  55  percent 
of  its  maximum  effectiveness  level  at  any  given  time. 

A  more  plausible  way  of  assigning  a  distribution  to  the  A^'s  might 
be  a  truncated  Normal  Distribution  limited  to  values  between  0.00  ard 
1.00.  However,  this  approach  would  leave  little  flexibility  in  terms 
of  modeling  variant  scenarios  since  the  opposing  forces  always  would 
have  attrition-rate  coefficients  associated  with  that  particular  dis¬ 
tribution  whenever  the  stochastic  option  was  selected.  This  restriction 
is  due  to  the  programming  constraints  encountered  in  attempting  to 
implement  variant  truncated  Normal  Distributions  in  the  model.  There¬ 
fore,  a  Beta  Distribution  was  selected  for  use  in  the  model. 

The  natural  range  of  the  Beta  Distribution  is  from  0.00  to  1.00 
thereby  alleviating  the  burden  of  constructing  a  truncated  distribution. 
Furthermore,  its  two  scaling  parameters,  P  and  Q,  can  be  selected  readily 
and  input  by  the  user  to  construct  virtually  any  variant  of  the  Beta 
Distribution  so  desired.  The  specific  values  selected  for  P  and  Q  would 
parameterize  the  distribution  of  the  A-.'s  according  to  the  user's  par- 

1  J 

ticular  combat  scenario  without  the  burden  of  reprogramming  the  distri¬ 
bution  on  each  successive  run  of  the  model. 

The  density  function  for  the  Beta  Distribution  is  as  follows: 
f(x)  =  XP'1(1-X)Q'1  for  0.0  <  x  <,  1 .0 
with  ux  =  ^ 
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Therefore,  a  P=21  and  Q=7  would  yield  a  distribution  of  A..'s  with  a 

*  J 

mean  of  0.75.  This  says  that  a  unit  with  an  A.,  of  0.75  is  operating 

*  J 

at  75  percent  of  its  potential  effectiveness.  Whereas,  a  P=7  and  Q-21 
would  yield  a  distribution  of  A, . 's  with  a  mean  of  0.25,  indicating  that 

*  J 

a  unit  is  operating  at  25  percent  of  its  potential  effectiveness. 

To  illustrate  the  flexibility  of  this  approach  in  determining  sto¬ 
chastic  attrition-rate  coefficients.  Figure  2-1  is  provided  displaying 
the  distribution  of  A.j's  that  would  be  obtained  when  the  user  alters 
the  parameters  of  the  Beta  Distribution.  The  user  now  can  model  a 
strong  elite  force  using,  for  example,  parameter  values  P=21 ,  Q=7,  or 
model  a  weak  and  poorly  lead  force  using  parameter  values  P=7  and  Q=21 , 
depending  upon  the  particular  battle  scenario  the  user  is  analyzing. 

While  the  Beta  Distribution  used  in  this  thesis  is  different  than 
the  Quadradic  Distribution  used  by  Glenn  Mills,  the  implementation  of 
this  distribution  for  the  attrition-rate  coefficients  is  exactly  the 
same  as  originally  modeled.  Since  it  was  assumed  earlier  that  the  fight¬ 
ing  effectiveness  of  each  unit  is  a  random  quantity  prior  to  a  given 
battle,  it  is  only  necessary  to  obtain  a  realization  of  the  random 
variable  for  each  unit  prior  to  the  initialization  of  the  battle.  This 

realization.  A?.,  is  determined  by  the  user-supplied  inputs  P  and  Q, 

* 

and  subsequent  calls  to  a  Beta  Distribution  Random  Deviate  Generator 
[Ref.  6].  Therefore,  an  attrition-rate  coefficient  is  computed  for 
each  unit  using  the  following  equation: 

’  A*?,  x  (1  -  r/r  )2  for  0  i  r  ±  r 

1 J  “  “ 

Aij 

.  0  for  rg  i  r 
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Figure  2-1.  Beta  Density 
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Where :  A?.  *  Realization  of  unit's  fighting  effectiveness 

*  J 

r  =  Current  range  between  firer  and  target 
r  =  Maximum  effective  range  of  a  firer' s  weapon 
This  function  was  utilized  because  it  is  a  function  of  both  range  and 
A?,  thus  creating  a  different  attrition-rate  curve  for  each  unit, 

*  J 

depending  on  that  unit's  effectiveness  level  prior  to  the  battle.  A 
graphic  illustration  of  an  attrition-rate  coefficient  curve  for  an 

A?,  equal  to  a  mean  of  0.75  from  the  Beta  Distribution  where  P=21  and 

*  0 

Q=7,  and  the  maximum  effective  range  r  ,  of  3000  meters  would  look 
like  Figure  2-2. 


Figure  2-2.  Attrition-Rate  Coefficient  Curve  for  A°.  =  0.75 

and  r  =  3000m 
e 

To  illustrate  the  effect  that  this  stochastic  attrition  option  has 
on  the  outcome  of  the  model,  two  runs  of  the  model  were  made  using  this 
option,  while  varying  the  Beta  Distribution  parameter  values  for  both 
forces  on  each  run.  All  other  characteristics  of  both  forces  were  left 
unaltered.  In  the  first  run,  the  aggressor  forces  were  modeled  to 
operate  at  75  percent  of  their  potential  effectiveness,  and  the  defending 
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forces  were  modeled  to  operate  at  25  percent  of  their  potential  effec¬ 
tiveness.  The  battle  outcome,  as  listed  in  Table  2-1,  indicates  that 
the  aggressor  forces  won  the  battle.  In  the  second  run,  the  potential 
effectiveness  of  the  opposing  forces  was  reversed.  The  aggressor  forces 
were  now  modeled  to  operate  at  25  percent  of  their  potential  effective¬ 
ness,  and  the  defending  forces  were  modeled  to  operate  at  75  percent  of 
their  potential  effectiveness.  The  battle  outcome,  as  listed  in  Table 
2-1,  indicates  that  the  battle  was  terminated  due  to  the  opposing  forces 
being  too  close.  The  aggressor  forces  were  unable  to  overrun  the  defend¬ 
ing  forces,  as  was  the  case  in  the  first  run,  which  was  due  solely  to  the 
change  in  the  potential  fighting  effectiveness  of  the  opposing  forces. 

A  change  in  the  battle  outcome  was  expected;  however,  to  what  degree 
that  change  would  be  was  unknown.  The  fact  that  the  defender  forces 
were  unable  to  win  the  battle  on  the  second  run,  while  having  a  much 
higher  level  of  effectiveness,  indicates  that  other  characteristics  of 
the  opposing  forces  were  also  playing  an  important  role  in  the  battle 
(e.g.,  types  of  weapons  employed,  original  force  levels,  speed  of  attack, 
etc. ) . 

Through  the  use  of  the  stochastic  attrition  option,  the  user  now 
has  the  capability  of  studying  one  more  facet  of  combat  (i.e.,  potential 
fighting  effectiveness),  and  can  analyze  to  what  degree  different  fight¬ 
ing  effectiveness  levels  will  have  on  final  battle  outcome. 

E.  USER-FRIENDLY  I/O  STRUCTURE 

A  significant  and  important  part  of  writing  a  computer  program  for 
a  combat  model  is  to  provide  for  the  input  and  output  of  data  to  and 
from  the  program.  It  is  my  belief  that  one  of  the  major  factors 
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contributing  to  the  lukewarm  reception,  in  general,  that  combat  models 
have  received  by  the  United  States  military  is  due,  in  part,  to  the 
poorly  designed  input-data  and  output  structure  of  the  combat  models. 

The  primary  user  of  those  models,  the  military  commander,  normally 
finds  it  difficult  to  decipher  the  myriad  of  input-data  requirements, 
or  the  voluminous  output  from  combat  models  that  supposedly  were  de¬ 
signed  for  the  commander's  use.  It  is  a  contention  of  this  thesis  that 
if  more  attention  was  given  to  the  development  of  user-friendly  inpu*- 
data/output  requirements,  that  more  interest  would  be  generated  toward 
the  use  of  such  models  in  training  military  commanders.  Therefore,  an 
enhancement  was  made  to  the  input-data  and  output  requirements  of  the 
model  to  demonstrate  a  method  of  alleviating  this  problem. 

1 .  User-Friendly  Input  Structure 

A  readymade  input  data  file  was  provided  with  the  model  to  serve 
as  a  guide  for  entering  all  of  the  required  data  in  the  correct  format 
required  by  the  model  (see  Appendix  C).  Each  variable  requiring  input 
for  the  model  has  been  listed  in  the  sample  input  file  with  sufficient 
space  provided  for  ensuring  that  data  is  entered  in  the  correct  format. 
This  file,  therefore,  provides  the  unfamiliar  user  of  the  model  with  the 
opportunity  to  utilize  the  model  with  only  a  limited  knowledge  of  the 
model's  algorithm  and  input  requirements.  This  type  of  user-oriented 
input  requirement  will  alleviate  some  of  the  apprehension  that  an  unfamil¬ 
iar  user  of  the  program  might  have,  and  might  actually  act  as  a  catalyst 
in  increasing  the  amount  of  use  the  model  receives. 
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2.  User-Friendly  Output  Structure 

Indecipherable  outout,  or  too  much  output  from  a  model,  can  be 
just  as  much  of  a  deterrent  to  a  model's  use  as  complex  input  require¬ 
ments  can  be.  This  point  was  brought  out  by  Ye  S.  Venttsal  in  her  dis¬ 
cussion  of  good  combat  models: 

It  is  advisable  in  such  "training"  modeling  of  combat  actions 
that  the  commander  receive  information  from  the  computer  not  in 
the  form  of  mean  characteristics  averaged  over  a  set  of  realiza¬ 
tions,  but  rather  in  the  form  of  only  one  specific  realization, 
on  the  basis  of  which  a  decision  is  in  fact  made.  [Ref.  7] 

To  paraphrase  Venttsal,  the  combat  model  output  must  be  clear, 
concise,  and  identifiable  to  the  military  commander.  Furthermore,  it 
must  answer  the  questions  that  were  originally  asked  by  the  user--speci- 
fically,  who  won  and  why? 

The  model  output  was  therefore  restructured  to  provide  a  concise 
listing  of  what  input  parameters  were  entered  into  the  program  for  pro¬ 
cessing,  and  a  concise  and  understandable  output  summary  of  what  occurred 
throughout  the  battle  (see  Appendix  F).  Additionally,  a  new  feature  was 
introduced  into  the  model  which  gives  the  user  the  option  of  viewing 
either  a  detailed  time-step  battle  summary,  or  just  a  final  battle  summary 
of  what  occurred  in  the  running  of  the  model. 

F.  DOCUMENTATION  AND  PROGRAM  FORMAT 

Two  of  the  objectives  of  the  model  presented  in  this  thesis  were 
first  to  serve  as  an  example  of  the  way  in  which  combat  models  should 
be  designed  to  be  user-friendly  to  ensure  their  acceptance  and  use  in 
training  military  commanders;  and  secondly,  to  serve  as  a  model  for 
combat-model ing  students  so  that  they  might  acquire  a  better  understand¬ 
ing  of  how  combat  models  ought  to  be  programmed  into  a  computer. 
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it  already  has  been  discussed  how  the  user-friendly  I/O  structure  assists 
the  user  of  the  model.  However,  proper  structuring  of  programs  for  read¬ 
ability  and  good  documentation  is  equally  necessary  to  ensure  readability 
and  understanding  by  students  and  analysts. 

The  FORTRAN  program  presented  in  this  thesis  which  integrated  and 
enhanced  the  ship-to-shore  and  land  combat  models  is  an  amalgamation  of 
subroutines  originally  written  by  different  people,  with  their  own  unique 
style  of  programming.  The  interweaving  of  these  four  styles  of  program¬ 
ming  throughout  the  program  seriously  detracted  from  the  smooth  flow  of 
program  structure  and  readability  desired  when  analyzing  the  computer 
program.  Therefore,  an  enhancement  was  made  to  the  model:  the  program 
was  restructured  so  that  it  would  follow  one  basic  style  of  programming 
(see  Appendix  B) .  New  labeling  and  structuring  of  formatted  statements 
and  nested  FORTRAN  functions  were  provided  to  make  the  computer  program 
mere  readable.  This  restructuring  should  assist  the  student  in  under¬ 
standing  :he  program  flow,  and  provide  an  incentive  to  those  interested 
students  to  develop  future  enhancements  to  the  model. 

In  addition  to  developing  one  style  of  programming,  more  detailed 
documentation  of  variable  definitions  and  descriptions  of  program  flow 
were  added  to  the  program.  The  purpose  of  this  documentation  was  to 
have  the  program  serve  as  a  reference  to  itself  in  order  that  the  reader 
would  not  be  forced  to  refer  to  various  manuals  outside  of  the  program 
each  time  an  explanation  of  the  functioning  of  a  particular  aspect  of 
the  program  is  desired. 


IIT.  CURRENT  MODEL  DESIGN 


A.  OVERVIEW 

The  small-unit  amphibious  operation  combat  model  presented  in  this 
thesis  consists  of  the  integration  and  enhancement  of  a  ship-to-shore 
combat  submodel,  and  a  land  conbat  submodel.  Both  of  the  original  sub¬ 
models  were  similar  in  design,  basing  force  attrition  on  Lanchester- 
type  expected-value  equations.  As  presented  earlier,  enhancements  to 
both  submodels  reduced  the  differences  in  design  of  these  submodels, 
molding  them  into  what  may  be  called  a  small -unit  amphibious  operation 
combat  model.  Figure  3-1  provides  the  scheme  for  the  sequence  and 
general  flow  of  events  in  the  overall  model. 

It  should  be  noted  that  al chough  the  ship-to-shore  and  land  combat 
models  are  quite  similar,  they  still  have  their  own  unique  characteristics 
in  modeling  certain  events  that  take  place  throughout  the  battle.  There¬ 
fore,  in  discussing  the  model  as  a  whole,  the  two  phases  of  the  battle 
will  be  addressed  separately,  and  those  events  which  are  of  particular 
interest  in  each  ohase  of  combat  will  be  elaborated  on  in  order  that  the 
reader  might  acquire  an  overall  appreciation  of  the  contributions  each 
submodel  makes  to  the  overal 1  model . 

B.  SHIP-TO-SHORE  PHASE 

1 .  Overview 

Since  the  objectives  of  the  thesis  are  to  provide  a  user-friendly 
tractible  combat  model,  a  number  of  broad  assumptions  have  been  made 
regarding  the  exact  method  of  employment  of  the  LVA  in  the  ship-to-shore 
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Figure  3-1.  Generalized  Flowchart  for  Small -Unit 
Amphibious  Operation  Combat  Model 


phase  of  the  amphibious  operation.  First  of  all,  it  is  envisioned  that 
for  command  and  control  purposes,  as  well  as  for  mine  clearing  operations, 
there  will  exist  LVA  approach  lanes  as  depicted  in  Figure  3-2,  along  which 
columns  of  LVA  will  transit  a  25-mile  distance  to  shore  from  the  Amphibious 
Task  Force  (ATF).  The  25-mile  distance  is  based  upon  recent  requirements 
studies  indicating  that  in  future  amphibious  operations,  due  to  the 
increased  lethality  of  anti-ship  missiles  and  long  range  artillery,  it 
will  be  necessary  to  increase  the  Amphibious  Task  Force  standoff  distance 
to  approximately  25  miles  from  shore  to  reduce  the  vul nerabil ity  of  the 
amphibious  shipping  against  this  anticipated  threat  [Ref.  8].  Secondly, 
it  is  assumed  that  a  maneuver  area  will  exist  within  which  the  columns  of 


waves  of  LVA  will  form  into  a  conventional  landing  formation  composed  of 
waves  of  landing  craft  as  prescribed  by  current  doctrine. 

The  two  previous  assumptions  set  the  stage  for  the  primary  assu op¬ 
tion  used  in  computing  LVA  force  level  attrition:  that  is,  direct  fire 
weapons  will  be  assumed  to  be  the  primary  anti-LVA  threat -- specif icall /, 
modified  versions  of  current  tank  and  antitank  guided  missiles  (A73M) 
assets.  Although  in  reality  some  attrition  of  LVA  can  be  expected  in 
the  maneuver  area,  it  will  be  assumed  that  the  critical  exposure  period 
will  be  that  portion  of  time  in  the  ship-to-shore  movement  that  the  first 
assault  wave  comes  within  5,000  meters  of  the  shore  defenses  until,  up  to, 
and  including  the  arrival  of  the  last  assault  wave  ashore.  Figure  3-3  is 
a  flowchart  depicting  the  general  sequence  of  events  of  the  ship-to-shore 
phase  model . 


LVA  Movement  Conceptualization 


Two  tactical  decision  variables  were  utilized  for  modeling  LVA 


ship-to-shore  movement: 
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Figure  3-3.  Generalized  Flowchart  for  Ship-To-Shore  Phase 
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— TBW  is  the  decision  variable  for  the  time  between  successive 
waves.  As  TBW  is  shortened,  coordination  problems  will  arise  resulting  in 
confusion  on  the  beach  due  to  insufficient  time  provided  for  an  assault 
wave  to  move  inland  prior  to  the  next  wave's  arrival.  The  level  of  con¬ 
fusion  generated  by  a  short  TBW  must  be  balanced  against  the  cost  of  not 
having  sufficiently  rapid  initio1  buildup  of  offensive  forces  ashore. 

--RD  is  the  distance  from  the  shoreline  that  each  wave  will 
commence  the  transition  from  planning  model  to  displacement  mode.  This 
process  will  be  termed  a  sequential  wave  transition  since  each  of  the 
assault  waves  sequentially  performs  the  mode  transition.  This  is  illus¬ 
trated  in  Figure  3-4.  The  reason  for  this  transition  is  due  to  engineer¬ 
ing  stability  requirements  that  this  displacement  conf iguration  be 
achieved  prior  to  crossing  the  surf  line.  The  obvious  effect  of  this 
transition  is  that  exposure  time  to  close-in  directTaimed  fire  will  be 
created. 

3.  Overall  Force  Structure 

The  model  aggregates  the  combat  organizations  involved  in  the 
ship-to-shore  phase  of  the  amphibious  operation  into  several  homogeneous 
combat  units.  Each  unit  is  characterized  by  certain  offensive  and 
defensive  capabilities  in  comparison  to  each  of  the  other  units. 

Table  3-1  illustrates  the  combat  organizations  which  have  been 
explicitly  modeled.  The  force  level  of  each  unit  was  represented  by 
state  variables  as  indicated.  The  initial  force  level  for  each  unit  is 
input-data  to  the  model.  This,  therefore,  permits  the  user  to  investi¬ 
gate  alternative  wave  composition  options  as  well  as  various  defensive 
scenarios  without  having  to  make  modifications  to  the  model  algorithm. 
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Table  3-1.  State  Variables  Representing  Combat  Organizations 
Combat  Organization  State  Variable  i 


Shore  Defenses  -  Tank  Assets 

DT 

Shore  Defenses  -  ATGM  Assets 

DS 

Incoming  assault  Waves  of  LVA 
representing  waves  1  thru  5 

WV(I)  1=1  thru  5 

A  cumulative  combat  force 
comprised  of  those  Marine 
ground  units  which  have 
arrived  on  the  beach  and 
debarked  their  LVA 

TLF 

Fire  support  assets  of  the 
amphibious  task  force 

ATFFS 

The  tactical  combat  interactions  that  exist  between  these  nine  combat 
units  within  the  overall  force  structure  are  illustrated  in  Figure  3-5. 

» 

4.  Shore-Defense  Scenario 

The  defensive  scenario  utilized  in  the  model  includes  a  force 
comprised  of  both  tank  (DT)  and  antitank  guided  missiles  ( DS) .  Tank 
and  ATGM  units  are  emplaced  75  meters  inland  of  the  water’ ine  as  an 
elevation  of  approximately  5-10  meters.  The  model  does  not  explicitly 
maneuver  or  emplace  individual  tanks  or  ATGM  systems  within  each  unit, 
but  aggregates  the  cumulative  effects  of  the  individual  vehicles  and 
weapons  within  each  category. 

a.  Defensive  Unit  Force  Levels 

The  state  variables  DT  and  DS  represent  the  total  unit 
"strengths"  in  each  of  the  defensive  unit  categories.  Specifically,  a 
DT=3  indicates  that  within  the  shore  defenses  there  exists  a  unit  of 
tanks  having  a  total  combat  effectiveness  equivalent  to  three  continuous! 


r 

firing  independent  weapon  systems.  A  similar  interpretation  is  applicable 
to  the  state  variable  DS. 

b.  Defensive  Fire  Allocation 

The  two  categories  of  direct-fire  weapons  are  assumed  to 
engage  targets  (incoming  LVA)  according  to  a  predetermined  tactical  scheme. 
The  defensive  "plan"  was  parameterized  as  follows: 

(1)  Window  of  Engagement.  Each  weapon  category  was  assigned 
an  engagement  window  as  illustrated  in  Figure  3-6.  Only  those  LVA  located 
within  the  range  window  could  be  fired  upon  by  the  shore  defensive  forces. 
The  windows  are  designated  by  the  following  input  parameters: 


TANK 

ATGM 

Maximum  Engagement  Range 

TENGMX 

SENGMX 

Minimum  Engagement  Range 

TENf-MN 

SENGMN 

(2)  Engagement  Rules.  Additional  defensive  tactical  criteria 
are  implemented  into  the  model  logic  according  to  the  following  rules  of 
engagement: 

—A  defensive  weapon  may  only  engage  the  two  closest  incom¬ 
ing  waves  if  more  than  two  waves  of  LVA  are  at  any  time  located  within  the 
weapon's  engagement  window. 

—If  only  one  wave  of  LVA  is  present  in  a  weapon's  engage¬ 
ment  window,  defensive  fires  of  that  particular  weapon  type  will  be  dis¬ 
tributed  uniformly  against  the  surviving  LVA  in  that  wave. 

--If  two  waves  of  LVA  are  both  contained  within  the  engage¬ 
ment  window,  defensive  fires  of  that  particular  weapon  type  will  be 
distributed  according  to  a  tactical  allocation  submodel.  A  weighting 
factor,  (DEFWT),  input  by  the  user  is  utilized  in  establishing  the 
proportion  of  the  total  weapon  strength  to  be  allocated  against  the 
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Figure  3-6.  Engagement  Window  Parameters 


surviving  LVA's  in  each  of  the  two  waves.  Specifically,  if  DEFWT(l)  =  2, 
and  DEFWT(2)  -  1,  then  each  surviving  LVA  in  the  closer  of  the  two  incom¬ 
ing  waves  would  be  allocated  twice  as  much  fire  as  surviving  LVA  in  the 
seaward  wave.  For  example,  if  waves  three  and  four  were  both  located 
within  the  ATGM  engagement  window,  then  the  proportion  of  DS's  fire 
allocated  to  surviving  LVA  in  wave  three  would  be: 


OEFWT(l)  x  WV(3) 

- x  DS 

DEFWT(l)  x  WV (3)  +  CEFWT(2)  x  WV(4) 

where:  WV(3)  is  the  state  variable  for  the 
current  number  of  survivors  in  wave  3 

c.  Attrition-Rate  Coefficient  Computation 

The  classical  Lanchester  hypothesis  for  aimed-fire  attrition 
is  that  the  casualty  rate  of  a  unit  is  proportional  to  the  size  of  the 
opposing  force.  If  a  Unit  "A"  is  being  engaged  by  a  Unit  "D",  this 
action  may  be  expressed  by  the  differential  equation: 

dA 

•  —  =  ~Betan.  x  D 

dt 

where:  Beta^  is  called  the  Lanchester  attrition-rate 
coefficient 

It  is  assumed  that  this  functional  relationship  holds  for 
each  pairing  (firing  unit,  target  unit)  over  the  small  time  interval 
dt.  The  credibility  of  the  model  relates  the  performance  characteristic 
data  together  with  the  tactical  and  physical  configurations  for  each  of 
the  combat  units  to  derive  the  attrition-rate  coefficients. 

It  was  decided  to  express  the  attrition-rate  coefficients  as 
the  product  of  the  rate  of  fire  (ROF)  and  the  single  shot  kill  probability 
(P ( k ) )  as  follows: 
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Beta0A  =  p^)da  x  RC>FDA 

where:  DA  represents  a  Unit  ,:D“  firing  on  a  Unit  "A" 

More  complicated  models  exist  [Refs.  9  and  10],  however,  for  the  purposes 
of  the  modeling  of  the  ship-to-shore  LVA  and  defender  attrition,  this 
method  was  deemed  sufficient. 

Attrition-rate  coefficients  as  described  above  were  derived 
for  each  pairing  (defensive  weapon,  target)  yielding  the  ten  variables: 


It  should  be  noted  that  the  relatively  slow  projectile  velocities  repre¬ 
sentative  of  anticipated  ATGM  assets  in  the  future  does  cause  such 
velocities  to  become  significant  in  this  computation. 

The  second  factor  used  in  determining  each  attrition-rate 
coefficient  is  the  single-shot  kill  probability  (P(k)).  It  is  assumed 


39 


that  a  hit  by  a  large  caliber  projectile  would  constitute  a  "kill'1  i-1 
that  it  most  likely  would  inflict  damage  serious  enough  either  to  sink 
the  LVA,  or  render  it  immobile,  thus  eliminating  it  from  contributing 

i 

to  the  buildup  ashore.  A  second  assumption  is  that  both  defensive 
weapon  systems  addressed  would  exhibit  normally  distributed,  uncorrelated 
horizontal  and  vertical  errors.  Typical  dispersion  data,  both  mean  ana 
standard  deviation,  for  the  Tank  and  ATGM  is  required  as  input-data  for 
the  hit  probability  computations. 

The  suppressive  effects  of  incoming  fire  upon  each  of  the 
defensive  units  was  considered  a  significant  factor  with  respect  to  its 
effect  upon  the  survivability  of  the  incoming  assault  waves  of  LVA.  It 
was  assumed  that  the  suppressive  effect  would  significantly  reduce  a 
unit's  rate  of  fire,  and  also  increase  the  error  standard  deviation.  Th  ? 
modeling  of  these  suppression  effects  was  accomplished  by  assigning  a 
relative  suppression  factor  (SUPFAC)  in  the  interval  1,  2, to  both  the 
Tank  and  ATGM  units.  This  factor  was  determined  according  to  the 
following  guidelines: 

SUPFAC  =  1  No  incoming  fires  (i.e.,  the  defensive 
unit  casualty  rate  is  zero) 

SUPFAC  =  2  Maximum  incoming  fires  (i.e.,  the  defen¬ 
sive  unit  casualty  rate  is  comparable  to 
that  realized  upon  full  allocation  of  the 
ATF  fire  support  assets) 

It  was  assumed  that  the  aim-reload  time  (ARTM)  would  be 
increased  by  approximate .y  50  percent  under  the  conditions  represented 
by  a  SUPFAC  *  2.0.  Within  the  ROF  submodel,  this  is  expressed  by  the 
1  inear  relationship: 

ARTMsup  =  ARTMN0NSUp  x  (0.5  +  SUPFAC  /  2.0) 
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Additionally,  it  was  assumed  that  up  to  100  percent  increase 


in  the  error  standard  deviation  could  be  expected  under  a  maximum  suppres¬ 
sion  environment,  hence: 

ERROR  STDsup  =  ERROR  STDNQNSUp  x  SUPFAC 
d.  Defensive  Breakpoint 

It  was  assumed  that  if  during  the  course  of  the  ship-to-shore 
movement  phase  the  defensive  forces  suffered  a  cumulative  loss  in  excess 
of  70  percent  of  their  initial  force  strength,  the  remaining  shore  defenses 
woulc  withdraw  and  commencement  of  the  land  combat  phase  of  the  battle 
would  take  place. 

5.  LVA  Assault  Wave  Conceptualization 

The  model  is  programmed  to  handle  up  to  five  incoming  waves  of  LVA. 
The  initial  composition  of  these  waves  is  input  by  the  user  by  means  of 
the  variable  WVINT.  There  are  no  limitations  on  the  number  of  LVA's 
capable  of  being  in  each  wave.  However,  the  user  is  advised  that  the 
model  was  intended  to  model  small-unit  amphibious  operations  only, 
a.  Wave  Posture 

Model  functions  RNG,  HT,  and  SPD  are  called  upon  within  the 
model  logic  to  generate  the  range,  height,  and  speed,  respectively,  for 
each  assault  wave  as  time  is  incremented  throughout  the  course  of  the 
ship-to-shore  movement  phase.  The  input  of  tactical  employment  para¬ 
meters  TBW  and  RD  in  conjunction  with  the  physical  design  parameters 
SPDMAX,  SPDMIN,  HTMAX,  and  HTMIN  for  the  LVA  being  evaluated  uniquely 
determines  the  exact  range  offshore  and  vehicle  configuration  (planning/ 
displacement)  for  each  of  the  five  waves.  This  information  then  is  imple¬ 
mented  in  the  rate  of  fire  and  hit  probability  calculations. 
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b.  Ground  Forces  Ashore 

As  each  assault  wave  arrives  at  the  beach,  the  surviving 
strength  of  that  wave  is  transferred  to  the  variable  TLF  (Total  Landing 
Force  Ashore).  TLF  represents  a  ground  combat  force  equal  to  that  trans¬ 
ported  by  the  number  of  LVA  survivors  having  arrived  ashore.  Once 
established,  the  TLF  engages  the  two  defensive  units  allocating  its 
fires  between  the  two  defensive  weapon  categories  in  the  same  proportion 
as  the  number  of  surviving  Tanks  and  ATGM's--that  is: 


TLFDT  OT  +  DS  X  TLF 


TLFDS  =  Dt  +  DS  x  TLF 


The  casualty  rates  applied  against  the  DT  and  DS  state  that 
survive r  variables  are  determined  by  means  of  the  Lanchester  aimed-fire 
attrition-rate  coefficients  WBETA^p  _  and  WBETATLF  _  Qs  by  the 
ecuations: 


dDT 

W 


"WBETA, 


DT  X  TLFDT 


dDS 

dt 


WBETAtlf  .  DS  x  tlfds 


The  computation  of  these  WBETA  coefficients  is  not  performed 
within  the  model  utilizing  the  detailed  rate  of  fire  and  P(hit)  arguments 
described  previously,  since  in  the  original  LVA  assault  model  developed 
by  Chadwick,  these  parameters  were  considered  to  be  insignificant  in 
relation  to  the  overall  model.  Chadwick  assumed  his  assault  model  would 
be  used  as  an  auxiliary  model  to  a  higher-level  model,  and  would  receive 
values  for  these  coefficients  from  that  model. 
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6 .  ATF  Fire  Support  Conceptualization 

The  impact  of  t.oe  amphibious  task  force's  fire  support  assets 
contribute  significantly  to  the  combat  effectiveness  of  the  shore 
defense  units.  Characterizing  each  of  the  two  defensive  force  units 
by  a  simple  "located"  or  "not  located"  attribute,  the  attrition  rates 
realized  by  these  force  units  can  be  simplified  substantially  by  the 
following  approach. 

a.  "Not  Located"  Store  Defenses 

At  the  commencement  of  the  model  it  is  assumed  that  the 
defensive  units  DT  and  DS  are  emplaced  on  shore  at  locations  unknown  to 
the  ATF.  The  units  initially  are  engaged  as  "not  located"  targets  by 
area  fire  for  which  the  following  Lanchester  area-fire  equations  are 
appl i cable: 

dDT 

-  »  (ALPHAnT  x  ATFFS)  x  DT 

dt  Ul 

dDS 

-  =  (ALPHAnc.  x  ATFFS)  x  DS 

dt  Ub 

The  terms  in  parentheses  on  the  right  hand  side  of  the  equa¬ 
tions  are  to  be  considered  a  generalized  input  parameter.  The  combat 
effectiveness  of  the  ATF  fire  support  assets  is  also  to  be  considered 
relatively  constant  during  this  segment  of  combat  time,  and  thus  it  is 
possible  to  synthesize  these  input  factors  by  examining  the  attrition 
losses  due  to  area  realized  in  a  previous  full-scale  model  calibration  run. 

b.  "Located"  Shore  Defenses 

Once  a  particular  defensive  unit  has  initiated  its  engagement 
of  incoming  waves  of  LVA  it  is  considered  located.  At  this  point  it  is 
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assumed  that  the  ATF  fire  support  organization  will  engage  that  defensive 
unit  through  the  use  of  aimed  fire.  Again  it  is  assumed  that  the  loss 
rate  will  be  in  accordance  with  the  Lanchester  hypothesis  for  aimed  fire, 
that  is: 

dOT 

-  =  Betan,  x  ATFFS 

dt  u 

dDS 

-  =  Betanc  x  ATFFS 

dt  Ub 

It  should  be  noted  that  the  right  hand  side  of  both  of  the 
equations  is  to  be  regarded  as  synthesized  factors  to  be  calibrated 
from  a  previous  high-resolution  application. 

C.  LAND  COMBAT  PHASE 
1 .  Overview 

The  land  combat  phase,  like  the  slnp-to-shore  phase,  has  been 
modeled  after  broad  assumptions  have  been  made  concerning  the  type  of 
forces  modeled  and  force  attrition.  These  assumptions  are  quite  similar 
in  nature  to  those  assumptions  made  in  the  ship-to-shore  phase  of  the 
model  which  would  be  expected  of  similar  Lanchester-type  combat  models. 

The  first  assumption  is  that  of  homogeneous  forces,  which  was 
made  as  a  matter  of  convenience.  The  defensive  forces  will  be  modeled 
as  a  Tube-Launched,  Optical-Guided,  Wire  Controlled  missile  (TOW)  company 
made  up  of  three  TOW  platoons  located  in  three  separate  and  fixed  defen¬ 
sive  positions.  Each  TOW  platoon  will  be  comprised  of  three  TOW  sections, 
and  have  the  capability  of  withdrawing  to  an  alternate  position  provided 
as  input  by  the  user.  The  aggressor  force  ashore  will  consist  of  the 
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consolidated  surviving  landing  force  ashore  which  has  been  redistributed 
into  three  offensive  units. 

The  second  assumption  is  that  the  aggressor  force  units  will  fol¬ 
low  three  user-defined  routes  as  they  advance  toward  the  three  defensive 
force  positions.  Routes  can  be  supplied  by  the  user,  or  defaulted  to 
preassigned  routes  dictated  by  the  program.  However,  only  three  routes 
can  be  utilized. 

A  line  of  sight  (LOS)  model  written  by  Professor  James  Hartman, 
Naval  Postgraduate  School  [Ref.  11],  is  used,  adding  great  flexibility 
to  the  modeling  of  the  terrain  in  the  basic  scenario.  This  has  a  direct 
impact  on  the  probability  of  detection  during  any  one  time  period  (t,t+dt) 
which  is  shown  as: 


P(Unit  i  does  not  detect  Unit 
j  in  a  time  period  t+dt; 

P(Unit  i  does  not  detect 

Unit  j  in  a  time  per-  =  x 

iod  t+dt) 

P(Un it  i  does  not  detect  Unit 
j  in  a  time  period  t,t+Jt) 


The  first  two  assumptions  provide  a  basis  for  applying  the  third 
assumption  which  is  that  attrition  of  opposing  forces  will  be  defined  by 
direct-fire  Lanchester  differential  equations  similar  to  the  sir'p-to- 
shore  phase,  only  modeled  in  more  detail.  Figure  3-7  provides  the  scheme 
for  the  sequence  and  general  flow  of  events  in  the  model. 

2.  LVA  Movement  Conceptualization 
a.  General 

In  the  original  model,  aggressor  force  and  defensive  force 
locations  were  modeled  in  two  different  ways.  Defensive  force  locations 
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Initialization: 

Read  input  data  (initial  positions,  routes, 
tactical  parameters,  option  selections, 
etc.,).  Initialize  variables  and  arrays 


Time  *  0 


Time  =  Time  +  10  sec 


Update  locations  of  attacking  units 


Check  line  of  sight  between  any  two  opponent  units 


LOS  exists 


:ire  condition? 
are  satisfied 


Allocate  targets 


Update  the  accumulated  detection  probabilities 


Allocate  fire 


Compute  attrition 


IPRINT  =  1 


Print  battle 
_ summary _ 


No  End  of 

\  battle 


Print  battle  summary 


Figure  '3-7.  Generalized  Flowchart  for  Land  Combat 


were  left  as  user  inputs,  whereas  aggressor  force  locations  had  been  pre¬ 
determined  by  the  model  builder,  and  could  not  be  altered  by  the  user. 

This  allowed  a  flexibility  of  modeling  defensive  positions,  but  flex¬ 
ibility  was  limited  because  of  the  method  of  determining  movement  routes 
for  the  aggressors.  Glenn  Mills  provided  a  user  option  to  the  model  which 
permitted  the  user  to  model  a  variety  of  aggressor  force  movement  scenarios. 
This  option  allows  for  the  choice  of  attack  routes  and  vehicle  speed.  In 
addition,  the  option  is  highly  useful  to  the  unfamiliar  user  of  the  model 
since  unit  locations  and  attack  routes  can  be  initially  set  to  the  model's 
default  values.  Different  user  selected  parameters  can  be  input  as  the 
user  acquires  a  better  understanding  of  the  model's  algorithm. 

b.  Model 

Three  predetermined  routes  are  provided  for  aggressor  force 
movements.  Each  route  is  subdivided  into  40-meter  length  intervals, 
since  a  nonfiring  aggressor  unit  is  assumed  to  move  one  such  interval 
during  a  time-step  of  10  seconds  {i.e.,  average  speed  of  9  mph).  A  firing 
aggressor  unit  is  delayed  a  specified  number  of  time-steps  before  moving 
to  the  next  interval  by  the  state  variable  NOD.  Each  interval  in  each 
route  is  represented  by  its  center  point  coordinates,  and  by  its  direction. 
If  an  aggressor  unit  enters  an  interval  along  its  associated  route,  then 
it  is  considered  to  be  positioned  in  the  center  of  the  interval,  generating 
a  possible  location  error  of  t  40  meters,  since  this  is  the  distance 
between  two  consecutive  intervals. 

c.  User-Defined  Routes 

The  user  is  required  to  input  the  original  location  of  each 
aggressor  unit,  and  the  locations  of  each  of  ten  nodes  he  desires  the 


aggressor  unit  to  move  through  as  it  advances  on  the  defensive  unit's 
position.  This  information,  along  with  vehicle  speed,  is  used  to  calcu¬ 
late  route  intervals  that  move  the  attacking  unit  through  each  of  the 
designated  nodes.  A  complete  route  would  look  like  that  depicted  in 
Figure  3-8.  The  method  used  to  complete  the  routes  is  as  follows. 

The  straight-line  ground  distance  between  the  first  two  adja¬ 
cent  nodes  (DIST)  is  calculated  as  shown  in  Figure  3-8.  The  angle  between 
the  desired  direction  of  movement  and  a  straight  west-to-east  movement  (a) 
is  then  calculated.  Utilizing  these  quantities  and  the  distance  desired 
to  be  moved  during  each  time-step  (DST),  the  distance  to  be  moved  in  the 
X  and  Y  direction  (XLN  and  YLN)  is  now  computed  as  shown  in  Figure  3-9. 
These  distances  are  added  to  the  coordinates  of  the  previous  interval 
endpoint,  point  C  in  Figure  3-9,  to  determine  the  coordinates  of  the  next 
interval  endpoint,  point  D.  This  same  distance  is  again  added  to  compute 
the  coordinates  of  the  next  endpoint.  Point  E.  This  process  is  continued 
until  the  distance  from  the  last  endpoint  computed  to  the  next  node  is 
less  than  DST.  This  general  process  is  repeated  for  each  pair  of  nodes 
until  the  entire  route  is  completed,  or  the  unit's  force  level  is  reduced 
to  zero  or  the  battle  terminated,  whichever  comes  first. 

To  insure  that  all  intervals  are  of  equal  length,  the  computa¬ 
tion  of  the  first  interval  between  any  two  nodes  must  be  considered  separ¬ 
ately  by  taking  into  account  the  distance  left  over  from  the  last 
computation  between  the  previous  two  nodes.  To  accomplish  this,  the 
first  interval  takes  the  remaining  distance  (e)  and  adds  it  to  an 
interval  length  (DST  -  e)  for  the  first  interval  between  any  two  nodes. 
This  insures  that  each  interval  along  the  route  is  of  length  DST,  which 
is  the  required  length. 
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LOS,  Detection,  and  Fire  Allocation 


a.  LOS 

The  existence  of  a  1 ine-of-sight  between  any  two  opposing 
units  is  determined  utilizing  a  1 ine-of-sight  model  written  and  program¬ 
med  by  Professor  James  K.  Hartman,  Naval  Postgraduate  School  [Ref.  12], 
and  is  listed  as  Subroutine  LOS  in  the  land  combat  phase  of  the  model. 
Professor  Hartman's  model  utilizes  a  parametric  terrain  model  proposed 
by  Needles  [Ref.  13],  which  represented  terrain  by  modeling  individual 
hill  masses.  Each  hill  is  described  by  a  bivariate  normal  density  function, 
and  fitted  together  to  form  a  section  of  terrain  utilizing  the  following 
information  illustrated  in  Figure  3-10: 

1)  (Xc,Yc)  -  Coordinates  of  each  hill's  centerpoint 

2)  PEAK  -  Peak  height  of  each  hill 

3)  a  -  Standard  deviation  corresponding  to 

x  the  X-axis 

4)  a  -  Standard  deviation  corresponding  to 

^  the  Y-axis 

5)  (p)  -  Rotation  factor 

Once  the  terrain  has  been  "mapped",  the  existence  of  a  1 ine- 
of-sight  can  be  determined  for  each  pair  of  opposing  units.  The  informa¬ 
tion  required  to  accomplish  this  is  the  location  and  elevation  of  each 
unit,  as  well  as  the  height  of  the  vehicle  each  unit  uses.  Professor 
Hartman's  model  yields  the  fraction  of  aggressing  Unit  A  as  seen  by 
defending  Unit  B,  and  the  fraction  of  defending  Unit  B  as  seen  by 
aggressing  Unit  A.  Figure  3-11  is  used  to  illustrate  this. 
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Figure  3-'1.  Partial  LOS  Conceptualization 
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b.  Acquisition 


The  acquisition  process  was  well-modeled  in  the  original  land 
combat  model  devised  by  Joseph  S/noler.  The  model  employs  the  concept  of 
parallel  acquisition,  whereby  the  weapon  system  continuously  searches  for 
targets,  even  while  engaging  other  targets.  When  such  a  weapon  system 
kills  its  presently  engaged  target,  it  immediately  can  shift  its  fire  to 
a  new  target,  provided  that  such  a  target  has  been  acquired  either  during 
the  engagement  of  the  previous  target  just  killed,  or  earlier  [Ref.  14]. 

A  general  description  of  the  manner  in  which  S.noler  modeled  target-acqui si 
tion  is  provided  here.  However,  a  more  detailed  description  is  provided 
in  his  thesis. 

The  probability  that  a  Unit  j  is  detected  by  a  Unit  i  at 
time  t+dt  was  modeled  for  four  different  combat  situations  in  which  the 
opposing  forces  might  find  themselves.  These  situations  can  be  summarized 
as  follows: 


Observer 

Not  firing  (t,t+dt) 
Not  firing  (t,t+dt) 
Firing  (t,t+dt) 
Firing  (t,t+dt) 


Target 

Not  firing  (t,t+dt) 
Firing  (t,t+dt) 
Not  firing  (t,t+dt) 
Firing  (t,t+dt) 


The  formulas  derived  to  compute  the  probability  of  detection 
for  each  of  these  situations  have  a  number  of  common  variables,  therefore 
their  definitions  are  provided  beforehand  for  clarity: 


P.,(t=dt)  =  The  probability  that  a  typical  firer  in  Unit 
i  has  acquired  one  or  more  targets  of  type 
j  by  time  t+dt 
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Qij(t+dt)  =  [1  -  P. j(t+dt)] 

-  x ..dtS.(t) 
QV..(t+dt)  =  e  J 


where: 


Qpi j(t+dt) 


where: 


The  probability  that  target  j  is  not 
visually  detected  by  Unit  i  during 
(t,t+dt)  provided  Unit  j  does  not 
fire  during  this  time  interval 

S,(t)  =  the  number  of  survivors 

J  in  Unit  j  at  time  t 

X-  •  =  the  nonfiring  detection  rate 

J  of  one  target  in  Unit  j  by 

one  observer  in  Unit  j 


0  -  Pk)FRjdtSj(t) 

The  probability  that  target  j  is  not 
detected  by  a  launch  signature  during 
(t,t+dt)  provided  that  target  j  fires 
during  this  time  interval 

P,  =  The  probability  that  one 
1  observer  in  Unit  i  is  look¬ 

ing  in  a  direction  which 
enables  him  to  detect  target 

FR .  =  The  firing  rate  of  one 

J  firer  in  Unit  j 


The  first  situation  occurs  when  neither  the  observer  r.or  the 
target  is  firing  during  the  interval  (t,t+dt).  This  situation  allows  the 
observer  to  conduct  search  operations  only,  thereby  maximizing  the  prob¬ 
ability  of  detecting  a  target  in  his  sector  of  responsibility,  and  has 
the  target  maximizing  his  probability  of  not  being  detected  by  exposure 
to  an  observer  by  a  launch  signature.  Thus,  the  probability  of  not 
detecting  in  time  interval  (t,t+dt)  is 


Qi j (t,t+dt)  =  Q i j ( t )  x  QV.jj (t,dt) 


t- 


The  second  situation  occurs  when  the  target  is  firing  during 
the  search  interval  (t,t+dt)  while  the  observer  is  conducting  only  search 
operations.  This  provides  the  observer  with  additional  information  to 
assist  in  detection  of  the  target.  The  observer  will  detect  the  target 
by  the  target's  launch  signature.  Thus,  the  probability  of  not  detect¬ 
ing  in  time  interval  (t,t+dt)  is 

Q.jft.t+dt)  =  0ij-(t)  x  (QV-j j (t>dt)  +QP-j(t,dt)  - 
QVi j (t ,dt)  x  QPij(t,dt)) 

The  third  situation  occurs  when  the  observer  is  firing  during 
the  search  interval  (t,t+dt)  while  the  target  is  maximizing  the  probabil¬ 
ity  of  not  being  detected  by  not  firing  during  the  interval.  The 
observer  has  lowered  detection  probability  by  diverting  a  portion  of 
his  force  to  firing  on  a  known  target.  A  new  factor  is  introduced 
which  will  alter  the  probability  of  detection,  namely  the  event: 

A  =  The  situation  in  which  Unit  j  is  within  the 
field  of  view  of  Unit  i,  with  at  least  one 
of  the  targets  at  which  Unit  i  is  firing 


This  states  that  Unit  j,  which  is  not  currently  firing,  happens  to  expose 
itself  to  firing  Unit  i  when  firing  Unit  i  is  looking  and  firing  on  at 
least  one  other  target  in  j's  principal  direction.  Thus,  the  probabi  lity 
of  not  detecting  in  time  interval  (t,t+dt)  is 


Qij(t,dt) 


C  0  if  event  A  occurs 


if  j  is  an  aggressor  unit 
and  event  ft  occurs 


Q..(t)  if  j  is  a  defending  unit 
J  and  event  ft  occurs 
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where: 


g(n)  is  an  increasing  function  of  n, 
where  n  is  the  number  of  time  intervals 
elapsed  since  time  t. 


and:  g(0)  =  Q^U) 

Q -  - ( t )  <,  g{n)  <,  1.0  for  all  n 

*  J 


The  fourth  situation  occurs  when  both  the  observer  and  target 
are  firing  during  the  interval  (t,t+dt).  In  this  situation  the  observer 
has  minimized  his  searching  capability,  and  the  target  has  maximized  its 
probability  of  being  detected.  Thus,  the  probability  of  not  detecting 
in  time  interval  (t,t+dt)  is 


/ 

Qi j(t,t+dt)  =< 


Q  j  ( t )  x  QV  -  j  (t,dt) 

if  event  A  occurs 

g  (n) 

if  j  is  an  aggressor 
unit  and  event  A  occurs 

Qii(t) 

if  j  is  a  defender  unit 

i  j 

and  event  A  occurs 

where: 


QV*j (t,dt) 


e-  xTjdtsj(t) 


and: 


xTj 

RF  = 


"  ijxRF 

Reduction  Factor  (the  detection  rate 
of  Unit  i  has  to  be  reduced  since  this 
unit  fires  during  (t,t+dt)  and  the 
search  for  targets  is  not  as  effective 
as  for  a  nonfiring  unit) 


Sj(t)  =  Sj(t)  x 


'kSK  PTTiK> 


PTT-w  =  proportion  of  Unit  i  allocated  to 
Unit  K 


k  =  (Unit  K  is  engaged  by  Unit  i  and  Unit  j 
is  within  the  field  of  view  of  Unit  i 
while  observing  Unit  K) 


If  a  1 ine-of-sight  does  not  exist  between  observer  i  and 
target  j,  then  no  accumulation  of  detection  probability  will  take  place 
during  the  current  time  interval  (i.e.,  P..(t)  will  remain  the  same). 

*  J 

However,  if  a  1 ine-of-sight  does  not  exist  throughout  more  than  three 
consecutive  time  intervals,  then  the  P.  .  is  set  to  zero  (i.e.,  P .  -  ( t )  = 

1  J  *  0 

0)  and  the  accumulation  process  will  start  again  from  zero  if  a  line-of- 
sight  is  acquired  at  a  later  point  in  the  battle.  The  motivation  for 
this  decision  rule  is  seen  by  the  observation  that  even  if  observer  i 
loses  a  line-of-sight  with  target  j  for  a  short  period  of  time,  he  still 
probably  has  some  idea  of  where  to  expect  the  target  to  reappear, 
c.  Non-Firing  Detection  Rate 

The  situations  that  occurred  when  the  target  was  in  a  non¬ 
firing  status  had  detection  probability  functions  that  had  as  a  para¬ 
meter  X..,  a  tion-firing  cetection  rate.  The  manner  in  which  the  model 

*  J 

derives  this  rate  is  quite  detailed,  and  deserves  attention. 

To  begin,  each  firer  in  an  observing  unit  is  assigned  a 
search  section  (or  sector  of  responsibil ity)  which  is  characterized  by 
two  parameters  (see  Figure  3-12).  These  parameters  are  the  section 
width  (ISECWD),  and  the  primary  direction  of  search  (IPRDIR).  Further¬ 
more,  it  is  assumed  that  the  search  direction  within  a  section  of  search 
has  the  following  probability  density  function  known  as  the  LIMICON 
Function: 


f(0)  = 
where:  D  = 
A  = 
B  = 


A  +  B  cos  9  -D  <  9  <  D 

ISECWD/2 

~B  cos  D 
1 

2  (sin  0  -  D  cos  D) 
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9=0  corresponds  to  the  observer's 
primary  direction  of  search 

note:  A  and  B  are  chosen  such  that 

/  f (0)  d9  =  1 
"0 

To  determine  the  probability  that  observer  A  is  looking  in 
a  direction  which  enables  him  to  detect  target  B,  is  the  value  of  the 
LIMICON  function  integrated  from  an  angular  value  up  to  !5C  on  either  side 
of  the  primary  direction  of  fire,  specifically: 


ANGLFT 

P.  =  J  f(9)d9  =  shaded  area.  Figure  3-13 


ANGRT 

where: 

ANGLFT  =  - 

/ 

ANGLE  ♦  15“ 

[  ° 

if  ANGLE  +  15°  <-  D 

if  ANGLE  +  153  >  D 

and: 

ANGLE  = 

the  absolute  value  of  the  angle  betweer  the 
the  primary  direction  (IPRDIR)  and  the  ob¬ 
server-target  direction  (OTANG) 

ANGRT  = 

ANGLE  -  15° 

Now,  given  that  observer  A  is  looking  in  a  direction  u  such 
that  ANGRT  =  01  i  ANGLFT,  the  conditional  detection  rate  ( >.  b  |  ANGRT  4  a 
i ANGLFT)  is  determined  by  a  regression  curve  [Ref.  15]  which  is  a 
function  of  the  terrain,  target  horizontal  velocity,  and  the  equivalent 
range  for  a  full  height  target.  This  detection  rate  of  one  observer 
detecting  one  target  becomes 

x  ab 


(  xab  I  ANGRT  =  a  i  ANGLFT)  x  Pk 


d.  Fire  Allocation 

Three  conditions  are  necessary  for  Unit  j  to  be  classified 
as  a  target  for  Unit  i.  First,  a  1 ine-of-sight  must  exist  between  Unit 
i  and  Unit  j .  Second,  the  range  between  the  units  must  be  within  the 
maximum  range  of  Unit  i's  weapon  system.  Lastly,  the  probability  that 
a  detection  of  Unit  j  is  made  by  an  observer  in  Unit  i  in  the  time  period 
t+dt  must  be  greater  than  0.00. 

Once  these  conditions  are  satisfied,  the  manner  in  which  fire 
is  allocated  to  a  target  depends  upon  how  many  targets  are  to  share  in 
the  firepower  of  Unit  i,  and  what  distance  exists  between  i  and  the 
new  target  in  relation  to  the  other  targets  under  fire.  The  priority  of 
fire  naturally  will  go  to  the  closest  target  since  it  is  of  a  greater 
threat  to  Unit  i  than  the  more  distant  targets.  The  amount  of  firepower 
available  from  Unit  i  is  naturally  a  function  of  the  percentage  of 
surviving  force  available  to  fire  in  Unit  i. 

4.  Attrition 

Attrition  of  forces  is  assessed  based  upon  variable  coefficient 
Lanchester  equations  of  modern  warfare  [Ref.  16],  This  method  of  attri¬ 
tion  assessment  was  used  by  David  Chadwick  in  the  ship-to-shore  phase 
of  the  model,  however,  in  less  detail  than  was  modeled  by  Joseph  Smoler 
in  the  land  combat  phase  of  the  model.  The  "extra"  detail  provided  by 
Joseph  Smoler  is  the  generation  of  the  conditional  probability  of  a  kill 
given  a  hit.  This  probability  was  stated  by  Chadwick  as  a  user-supplied 
input  parameter. 

The  restriction  of  the  model  to  aimed-fire  weapons  systems  and 
homogeneous  forces  allows  for  the  attrition  of  forces  to  be  assessed 
using  variable  coefficient  Lanchester  equations  of  modern  warfare. 


61 


The  attrition  for  a  defending  Unit  j  is  described  by  the  following 
differential  equation: 


dSj (t) 

-  =  '(A- .  x  PROP..)  x  S.(t) 

dt  J  J 


where:  S^t) 


The  number  of  survivors  in  Unit  k  at  time  t 


A..  =  The  rate  at  which  one  firer  of  Unit  i  kills 

J  Unit  j  targets  (attrition  rate  of  Unit  j  by 

one  firer  of  Unit  i) 

PROP, ,  =  Proportion  of  Unit  k  allocated  to  fire 

against  a  Unit  1 


These  basic  differential  equations  of  force-on-force  attrition  were 
approximated  by  the  following  Euler-Cauchy  difference  equations: 

S.(t+dt)  =  Max(0,S.(t)  -  £AJf (Sj(t)  x  PROP^dt 
for  each  defending  Unit  i 

and: 

S.(t+dt)  =  Max(0,s.(t)  -  lA..(S.(t)  x  PR0P-.)dt 

J  vJ  *  J  ^  *  J 

for  each  aggressor  Unit  j 

The  manner  in  which  the  attrition-rate  coefficient  A.,  is 

*  J 

derived  stochastically  already  has  been  discussed  in  the  model 
enhancement  chapter,  therefore,  only  a  description  of  how  the  deter¬ 
ministic  attrition-rate  coefficient  is  derived  will  be  mentioned  here. 
The  attrition-rate  coefficient.  A..,  for  each  equation  is 

*  \i 

computed  according  to  the  equation: 


where:  T .  .  =  the  time  for  one  firer  of  Unit  i  to  kill 
one  target  of  Unit  j  under  the  conditions 
in  the  present  time  interval 

T..  is  computed  using  the  Bonder-Farrell  formula  [Ref.  17]: 

^  J 

E[T . .]  =  t  +  t,  +  —  —  +  1  “-P(hM  +  P ( h | h)  -  P(h) 

1J  a  '  P(k|h)  P (k | h ) 

where*  *  t 

"a  =  Time  to  acquire  a  target 

t,  =  Time  to  fire  first  round  after  a 

target  is  acauired 

t^  =  Time  to  fire  a  round  following  a  hit 

t  =  Time  to  fire  a  round  following  a  miss 

tf  =  Projectile's  time  of  flight 

P (h)  =  Probability  of  a  hit  on  first  round 

P(h | h)  *  Probability  of  a  hit  on  a  round  given 

that  the  prior  round  fired  was  a  hit 

P(hjm)  =  Probability  of  a  hit  on  a  round  given 
that  the  prior  round  fired  was  a  miss 

P(kjh)  =  Probability  of  a  hit  on  a  round  given 
that  the  round  fired  was  a  hit 

There  are  two  assumptions  of  the  Bonder-Farrell  formula  that  are 
implied  by  the  model.  The  first  assumption  is  that  fire  is  Markov- 
Dependent  in  that  the  probability  of  a  hit  of  any  round  depends  only 
upon  the  result  of  the  previous  round.  The  second  assumption  is  that  a 
Geometric  Distribution  describes  the  parameter  P(kjh)  in  that  accumulated 
damage  is  considered  to  be  negligible. 

The  expected  value  of  T..,  E[T..],  may  now  be  expressed  for 

I  J  i  J 

each  weapon  system  in  the  model.  It  is  assumed  that  for  the  TOW 
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weapon  system  P(k  h)  =  1.0,  and  ;'*(h  m)  =  P(h  h)  =  P(h),  which  results 
in  the  reduced  formula: 


EE^]  =ta  +  tl 


tf  + 


:tm  +  tf)  x  (i  -  p(h)) 
P(h) 


If  the  firing  weapon  system  is  a  tank,  then  it  is  assumed  that  P(klh)  =  1.0 
(due  to  a  lack  of  information),  and  that  t^  =  0.0  (due  to  the  velocity 
of  the  projectile).  Thus,  in  this  case  the  formula  becomes: 

t 

E[Ti j]  =  tfl  +  t,  +  _ HL-  *  0  -  P( h)) 

P(h |m) 

It  should  be  noted  that  all  targets  were  considered  to  be  stationary 
throughout  the  attrition  process.  Ths  is  obvious  in  the  case  of  the 
stationary  defending  forces,  and  was  assumed  to  be  the  case  for  the 
aggressor  forces  due  to  the  fact  that  the  hit  probability  of  a  TOW 
against  a  moving  target  is  almost  the  same  as  for  a  stationary  target. 

5.  Battle  Termination 

Two  criteria  were  used  as  rules  governing  battle  termination. 

The  first  criterion  was  the  annihilation  (zero  force  level)  of  one  of 
the  two  forces.  The  second  criterion  was  that  the  distance  between 
defender  and  aggressor  forces  is  too  small. 

The  first  criterion  is  an  intuitively  obvious  reason  for  ter¬ 
minating  the  battle,  and  thus  easy  to  model.  However,  although  the 
reasons  for  the  second  criterion  might  be  as  obvious,  the  modeling  of 
this  is  not  simple.  The  manner  in  which  Glenn  Mills  modeled  it  was  to 
compute  the  distance  between  each  attacking  sub-unit  on  which  casual¬ 
ties  were  being  assessed  (i.e.,  still  alive),  and  each  defending 
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sub-unit  that  was  still  alive.  If  any  one  of  these  distances  between 
active  sub-units  was  too  close,  the  battle  was  considered  to  have 
reduced  to  close-in,  hand-to-hand  combat.  The  outcome  of  this  type 
of  combat  is  not  currently  provided  for  in  the  mode!,  and  for  this  reason 
the  battle  is  simply  terminated  at  this  point.  However,  to  insure  that 
the  aggressor  units  do  not  pass  by  the  flanks  of  the  remaining  defending 
forces  and  remain  outside  termination  distance,  a  check  is  made  of  the 
location  coordinates  of  each  sub-unit.  If  any  aggressing  sub-unit's  X 
coordinate  places  the  unit  beyond  the  location  of  the  most  forward 
defending  sub-unit  still  in  the  battle,  the  battle  also  is  terminated. 

The  specification  of  the  distance  between  forces  for  battle 
termination  is  left  as  a  user-input,  which  provides  added  flexibility 
of  breakpoint  distance  analysis.  In  particular,  it  ''ends  itself  to  the 
study  of  optimum  breakpoint  distances  for  various  weapons  systems  on 
the  battlefield. 
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IV.  FUTURE  ENHANCEMENTS 


A  small -unit  amphibious  operation  combat  model  has  been  presented 
in  this  thesis  which  emphasizes  the  simplistic  and  avoids  the  abstract 
to  provide  an  understandable  and,  more  importantly,  a  useable  combat 
model  for  students  of  combat  modeling.  However,  the  combat  model  pre¬ 
sented  has  the  potential  of  being  developed  into  a  much  more  refined 
model  which  could  be  studied  and  utilized  by  more  experienced  combat 
modelers.  Therefore,  several  enhancements  which  might  be  of  some  benefi 
to  the  more  experienced  modeler  are  mentioned  here  as  possible  approach*, 
that  could  be  taken  in  refining  the  present  model. 

A.  HETEROGENEOUS  FORCES  IN  THE  LAND  COMBAT  PHASE 

The  current  land  combat  phase  of  the  model  involves  combat  between 
homogeneous  forces  only--that  is,  each  force  is  comprised  of  only  one 
weapon  system  type.  This  type  of  force  structure  was  intentionally 
modeled  to  maintain  a  relatively  simple  model  to  understand  and  work 
with.  However,  added  flexibility  could  be  attained  by  modeling  multiple 
weapons  system  types  for  each  of  the  opposing  forces.  This  would  allow 
the  user  to  analyze  the  effect  that  different  force  mixes  would  have  on 
battle  outcome. 

The  addition  of  different  weapons  system  types  within  a  single  unit 
would  require  extensive  restructuring  of  the  attrition  process  currently 
used  in  this  model.  Although  Lanchester  equations  still  could  be  uti¬ 
lized  in  computing  direct-fire  weapon  system  attrition,  separate  Lan¬ 
chester  equations  would  have  to  be  provided  for  each  weapon  system. 


Furthermore,  with  the  addition  of  indirect-fire  weapon  systems  (i.e., 
artillery,  naval  gunfire,  and  close  air  support)  Lanchester  equations 
for  area-fire  would  have  to  be  implemented  for  each  area-fire  weapon 
system  type.  The  total  attrition  of  any  particular  unit  then  would 
be  the  summation  of  the  damage  assessed  by  each  weapons  system  type  on 
the  target  being  attrited. 

An  enhancement  of  this  type  would  result  in  more  realism  at  the 
cost  of  longer  execution  time,  and  a  more  complicated  attrition  process. 
Since  the  original  intent  of  the  thesis  was  to  provide  a  simple  model 
to  understand,  it  would  be  advisable  to  retain  a  copy  of  the  original 
model  prior  to  adding  this  enhancement.  Then  a  simple  model  would 
still  be  available  to  the  less  experienced  combat  modeling  students, 
while  a  more  detailed  model  would  provide  the  realism  that  more  exper¬ 
ienced  modelers  would  demand. 

B.  LOGISTICAL  SUPPORT 

Logistical  support  is  one  of  the  most  overlooked  factors  of  combat 
in  the  development  of  combat  models.  The  influence  that  the  resupply 
of  fuel  and  ammunition  alone  have  on  the  outcome  of  a  battle  is  obvious 
and  deserves  attention. 

Ammunition  and  fuel  consumption  could  be  modeled  along  the  same 
lines  as  attrition  (i.e.,  through  the  use  of  expected  values  of  con¬ 
sumption).  When  ammunition  or  fuel  on  hand  reaches  a  specified  critical 
level,  a  unit  could  be  restricted  in  movement,  or  experience  a  reduced 
level  of  fighting  effectiveness  and  maneuverability  (based  on  a  shortage 
of  ammunition  and  fuel)  until  resupply  of  the  critical  resource  could  be 
obtained. 
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The  amount  expended  of  these  resources  would  necessarily  be  a  function 
of  the  number  of  surviving  firers  in  the  unit,  the  number  of  vehicles 
available  to  transport  the  unit,  and  the  number  of  targets  engaged  by 
the  unit  at  any  one  time  interval.  The  expected  values  of  these  items 
then  could  be  used  in  computing  the  expected  rate  of  consumption  of 
ammunition  and  fuel.  Therefore,  the  overall  process  could  be  modeled  by 
initially  allocating  specific  levels  of  these  resources  (i.e.,  ammuni¬ 
tion  and  fuel)  to  each  unit  at  the  commencement  of  the  battle,  and 
subtracting  the  expected  expenditure  of  the  ammunition  and  fuel  of  a 
particular  unit  based  upon  the  expected  number  of  survivors  firing  on 
engaged  targets,  and  the  distance  traveled  by  the  expected  number  of 
surviving  vehicles  of  the  unit. 

C.  GRAPHICAL  BATTLE  SUMMARY 

A  graphical  display  of  what  is  taking  place  on  the  battlefield  Can 
be  worth  a  thousand  words  to  the  user  of  a  combat  model.  Plotting 
unit  locations  and  force  levels  on  a  display  of  the  actual  terrain 
fought  upon  would  eliminate  time-consuming  interpretation  of  these 
results  from  a  printed  battle  surrmary  report.  An  enhancement  of  this 
sort  would  serve  both  the  experienced  and  inexperienced  users  of  the 
model.  The  inexperienced  user  would  have  results  displayed  in  a  much 
more  understandable  format,  while  the  experienced  user  would  be  able 
to  study  variant  combat  scenarios  with  much  less  effort  and  time 
expended. 
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V.  FINAL  REMARKS 


The  purpose  of  the  model  that  has  been  developed  is  to  illustrate 
a  number  of  underlying  concepts  of  combat  modeling  which  have  been 
addressed  in  this  study.  Therefore,  it  seems  appropriate  to  readdress 
these  concepts  to  allow  tie  reader  to  reflect  upon  them  in  light  of 
what  has  just  been  presented. 

A.  INTEGRATING  INITIALLY  INDEPENDENT  COMBAT  MODELS 

The  model  developed  here  was  made  up  of  two  sub-models:  ship-to- 
shore  and  land  combat  models.  These  sub-models,  as  discussed  earlier, 
utilized  similar  combat  modeling  methodology  (i.e.,  Lanchester  equa¬ 
tions)  in  computing  force  level  attrition.  However,  each  sub-model 
was  developed  by  different  individuals,  which  created  several  problems 
when  the  two  separate  sub-models  were  integrated  into  a  singular  con¬ 
tinuous  flow  algorithm.  In  particular,  individualized  FORTRAN  coding 
techniques  and  documentation  of  state  variables  within  the  program 
structure  required  the  restructuring  of  major  portions  of  FORTRAN 
code  to  make  the  overall  combat  model  tractible  and  understandable. 
This  serves  to  illustrate  the  need  for  a  standardized  programming 
technique  to  be  applied  to  programming  of  combat  models,  and  high¬ 
lights  the  need  for  proper  planning  and  coordination  in  development 
of  large  scale  combat  models  by  teams  of  combat  modelers. 

B.  THE  USER-ORIENTED  APPROACH  TO  COMBAT  MODELING 

This  thesis  illustrates  the  desirability  of  a  user-friendly 
approach  to  combat  modeling.  It  was  a  major  contention  of  the  thesis 
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that  this  approach  to  combat  modeling  has  not  been  closely  addressed 
by  combat  modelers  providing  combat  models  for  the  United  States  mili¬ 
tary.  Furthermore,  it  was  mentioned  that  the  lack  of  concern  given 
to  this  approach  of  combat  modeling  might  help  to  explain  the  lack  of 
enthusiasm  exhibited  by  the  United  States  military  in  utilizing  combat 
models  for  the  training  of  field  commanders  and  staffs.  The  thesis  had 
as  one  of  its  purposes,  the  presentation  of  a  combat  model  designed  to 
be  easily  understood  and  utilized  by  intended  users,  combat  modeling 
students.  Combat  models  should  be  designed  and  documented  with  the 
user's  capabilities  and  needs  in  mind,  as  opposed  to  those  of  the 
programmer. 

C.  A  COMBAT  MODEL  FOR  STUDENT  USE 

The  small -unit  amphibious  operation  combat  model  presented  here  is 
a  basic  Lanchester-type  combat  model  which  has  been  designed  with  a  low 
level  of  complexity  in  order  that  it  might  be  understood  more  easily, 
and  studied  by  students  of  combat  modeling.  It  has  been  recognized 
that  combat  modeling  students  may  have  little  or  no  experience  of  the 
governing  theory,  and  therefore  would  comprehend  the  theory  of  combat 
modeling  more  easily  by  utilizing  and  understanding  its  basic  application. 
For  this  reason,  enhancements  that  would  increase  the  complexity  of  the 
model  are  discouraged,  and  enhancements  that  would  make  the  model  more 
understandable  (i.e.,  graphical  battle  summary  reports)  are  strongly 
encouraged. 
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I.  INTRODUCTION 


The  purpose  of  this  manual  is  to  familiarize  the  user  with  the  model, 
and  to  provide  administrative  information  describing  how  the  potential 
user  would  access  and  run  the  model. 

The  small -unit  amphibious  operation  combat  model  is  a  two-phased 
combat  model  which  conducts  both  ship-to-shore  and  land  combat.  The 
model  uses  both  aimed  and  area-fire  Lanchester-type  equations  for 
casualty  assessment.  The  battle  is  initiated  by  an  amphibious  task 
force  positioned  25  miles  offshore  from  an  opposing  defensive  force 
which  is  illustrated  in  Figure  A-l .  If  an  amphibious  landing  is  success¬ 
ful,  land  combat  will  be  conducted  inland  over  a  10  x  10  km  piece  of 
terrain  representing  an  area  east  of  Fulda,  West  Germany,  known  as  the 
Fulda  Gap,  which  is  depicted  in  Figure  A-2. 
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Figure  A-1 .  LVA  Approach  Conceptualization 
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II.  AVAILABLE  OPTIONS 


The  model  has  been  developed  with  a  number  of  options  available  to 
the  user  to  provide  more  model  flexibility  for  the  more  experienced 
user.  Each  of  these  options,  including  user  responsibilities,  is 
discussed  here  with  the  input  requirements  for  each  being  outlined  in 
the  next  section. 

A.  STOCHASTIC  VS.  DETERMINISTIC  ATTRITION 

The  user  has  the  option  of  using  stochastic  or  deterministic  attri¬ 
tion  computation.  Both  methods  utilize  Lsnchester  aimed-fire  equations; 
the  difference  between  the  two  is  the  method  of  calculating  the  attrition- 
rate  coefficients  used  in  the  Lanchester  equations. 

Deterministic  attrition  can  be  thought,  of  as  the  expected  value  of 
attrition,  and  is  implemented  by  using  the  Bonder-Farrell  method  of 
calculating  the  attrition-rate  coefficient,  A^j.  The  stochastic  method 
can  be  thought  of  as  the  randomization  of  attrition,  and  is  implemented 
by  using  random  deviates  from  a  Beta  Distribution  in  conjunction  with 
the  range  of  a  target  to  generate  individual  attrition-rate  coeffi¬ 
cients  for  each  unit  at  each  time-step. 

B.  VARIANT  ATTACK  ROUTES 

The  user  has  the  option  of  providing  variant  aggressor  force  attack 
routes.  The  user  can  utilize  the  program's  straight  west-to-east  routes, 
or  can  input  desired  altered  routes  for  aggressor  force  units  to  follow. 

To  select  new  routes,  a  user  must  input  the  number  of  nodes  desired  on 
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each  of  three  routes,  and  the  coordinates  of  each  of  these  nodes.  The 
program  then  will  compute  routes  through  each  node.  The  nodes  must  be 
inputed  in  order  from  west  to  east,  and  should  not  create  an  angle 
between  the  west-to-east  axis  and  the  route  direction  that  exceeds  45°. 

C.  ALTERNATE  DEFENSIVE  POSITIONS 

The  user  has  the  option  of  implementing  alternative  defensive  unit 
locations.  This  option  permits  the  user  to  add  more  realism  to  the 
model  by  allowing  the  defending  units  to  withdraw  to  alternate  positions 
when  their  primary  positions  become  untenable  (i.e.,  distance  between 
opposing  forces  is  too  close).  This  breakpoint  distance  is  determined 
and  inputed  by  the  user,  and  also  is  used  as  the  distance  for  battle 
termination  in  the  event  that  the  battle  reduces  to  close-in  combat  (i.e 
hand-to-hand).  The  alternative  to  moving  the  defenders  is  to  terminate 
the  battle  when  the  breakpoint  distance  is  initially  reached. 

D.  BATTLE  SUMMARY  PRINT-OUT 

The  user  has  the  option  of  limiting  the  printed  output  of  the  model. 
The  user  can  receive  a  battle  summary  print-out  at  the  conpletion  of 
each  10-second  time  interval,  or  this  information  can  be  suppressed, 
printing  out  the  results  only  after  each  phase  of  combat. 


III.  REQUIRED  INPUT 


The  small-unit  amphibious  operation  combat  model  presented  in  this 
thesis  has  been  provided  with  a  blank  data  set  (see  Appendix  D)  which 
includes  each  variable  of  the  model  requiring  input  provided  by  the 
user,  and  space  available  following  each  variable  for  the  user  to  place 
the  desired  variable  value.  However,  the  definition  of  each  input 
variable  may  not  be  familiar  to  the  first-time  user  of  the  program. 
Therefore,  the  following  list  of  input  variables  and  their  definitions 
is  provided  as  a  quick  reference  for  the  user  of  the  model. 


Input  Variable 
IPRINT 


SPDMAX 

SPDMIN 

HTMAX 

HTMIN 

WIDTH 

TENGMX 

SENGMX 

SENGMN 

TARTM 


Ship-to-Shore  Phase 

Definition 

User  option  for  selecting  type  of  battle 
summary  report  desired: 

0  -  Each  Time-Step 
1  -  End  of  Battle 

Maximum  speed  of  LVA  in  the  water. 

Minimum  speed  of  LVA  in  the  water. 

Height  of  LVA  above  water  at  maximum  speed 
Height  of  LVA  above  water  at  minimum  speed 
Width  of  an  LVA. 

Tank  maximum  engagement  range. 

ATGM  maximum  engagement  range. 

ATGM  minimum  engagement  range. 

Tank  aim-reload  time. 


SARTM 


ATGM  aim-reload  time. 


Definition 


Tank  projectile  velocity. 

ATGM  projectile  velocity. 

Standard  deviation  error  in  the  vertical 
axis  for  Tank  fire. 

Standard  deviation  error  in  the  horizontal 
axis  for  Tank  fire. 


TMEANH 


Bias  error  in  the  horizontal  axis  for  Tank 
fire. 


SSIGV 


Standard  deviation  error  in  the  vertical 
axis  for  ATGM  fire. 


DEFWTS 
WVINT(i) 
DINIT  ( "i ) 

A  ( i ) 

B(i) 

WB(i) 


Defensive  force  tactical  allocation  weights. 

Initial  strength  of  assault  wave  I. 

Initial  strength  of  defensive  Tank  (1=1) 
and  ATGM  (1=2)  units. 

Aggressor  force  attrition  coefficients. 

Defensive  force  attrition  coefficients. 

Aimed-fire  attrition-rate  coefficients 
for  defensive  force  Tank  and  ATGM  units. 


GAINL  Defensive  force  attrition  level  at  which 

remaining  defending  forces  withdraw  and 
ground  assault  commences. 

GAMMA  Aim-reload  time  suppression  factor. 

DELTA  Aiming  error  caused  by  the  suppression 

factor  of  ATFFS 


The  remaining  portion  of  the  input  data  refers  to  the  terrain  model 
developed  by  Professor  James  Hartman.  It  is  suggested  that  this  portion 
of  the  data  set  not  be  altered  until  the  user  has  studied  and  fully  under¬ 
stands  the  Hartman  terrain  model. 
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Land  Combat  Phase 


Variable 

ITRIT* 


DSEED** 


Definition 


Input  variable  denoting  whether  attrition 
will  be  stochastic  or  deterministic: 

0  -  Stochastic 
1  -  Deterministic 

Double  precision  seed  used  in  the  Beta 
Distribution  Random  Deviate  Generator. 


PP  -  QQ 
PD  -  QD 

NBU 

NRU 

RMINTK 

RMAXTK 

RMINTW 

RMAXTW 

IRTE 


Input  parameters  for  the  Beta  Distribu¬ 
tion  Random  Deviate  Generator: 

PP-QQ  Aggressor  force 
PD-QD  Defensive  force 

Number  of  defensive  units. 

Number  of  aggressor  units. 

Minimum  effective  range  of  an  LVA  weapon 
system. 

Maximum  effective  range  of  an  LVA  weapon 
system. 

Minimum  effective  range  of  a  defensive 
TOW  weapon  system. 

Maximum  effective  range  of  a  defensive 
TOW  weapon  system. 

User  option  for  selecting  type  of  aggressor 
force  attack  routes: 

0  -  Program  determined 
1  -  User  determined 


ISPD  Speed  of  aggressor  force  units: 

1  -  9  MPH 
2-12  " 

3- 15  " 

4- 18  " 

XIC(i,j),  YIC(I,j)  Coordinates  of  the  interval  endpoint 

of  the  route  for  Unit  i. 

N(i)  Number  of  nodes  for  aggressor  route  i. 

Note:  *There  are  two  ITRIT  variables  in  the  data  set.  The  first  ITRIT 
refers  to  the  aggressor  forces. 

**There  are  two  DSEED  variables  in  the  data  set.  The  first  DSEED 
refers  to  the  aggressor  forces. 
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Variable 

XLOC(i,j),YLOC(i,j) 

X(i),Y(i) 

FL(i) 

IPRDIR(i) 

I  ALT 

BREAK 

ITEM 

XA( ] ) ,YA( i ) 

P(l.j) 

PHH(i,j) 

PHM(iJ) 

PKH(i.j) 


Definition 


Coordinates  of  node  i  for  aggressor  route  i. 

Location  of  defensive  Unit  i. 

Force  level  of  a  defensive  Unit  i. 

Principal  direction  of  fire  of  defensive 
Unit  i. 

User  option  for  selecting  alternate 
defensive  positions: 

0  -  Yes 
1  -  No 

Breakpoint  distance  between  aggressor 
units  and  defensive  units. 

Input  variable  denoting  number  of  time- 
steps  allowed  for  aggressor  unit  moves. 

Coordinates  of  alternate  position  for 
defensive  Unit  i. 

Probability  of  first  round  hit  by  Unit  i 
in  range  band  j. 

Probability  of  a  hit  following  a  hit  by 
Unit  i  in  range  band  j. 

Probability  of  a  hit  following  a  miss  by 
Unit  i  in  range  band  j. 

Probability  of  a  kill  given  a  hit  by 
Unit  i  in  range  band  j. 
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IV.  EXPECTED  OUTPUT 


The  small-unit  amphibious  operation  combat  model's  output  is 
designed  to  be  self-explanatory.  Each  phase  of  the  amphibious  opera¬ 
tion  is  reported  in  the  output  of  the  model.  The  output  format  for 
each  phase  will  include  an  initial  information  section  to  provide  the 
user  with  feedback  concerning  the  operation  of  the  model  as  read-in 
by  the  model  from  the  user-supplied  input  data.  This  serves  as  a  check 
and  a  record  for  the  user  to  insure  that  the  model  was  run  according  to 
the  intended  design  of  the  user.  Secondly,  battle  summary  reports  are 
provided  at  specific  points  of  the  battle  depending  upon  the  desires 
of  the  user  as  input  by  the  user  option  variable  1PRINT.  An  example 
of  the  model's  output  is  displayed  in  Appendix  F. 


V.  ACCESSING  AND  EXECUTING  THE  MODEL 


The  prospective  user  who  wishes  to  study  the  small -unit  amphibious 
operation  combat  model  must  first  contact  Professor  James  Taylor  of  the 
Operations  Research  Department  and  obtain  the  user  identification 
number  and  password  for  the  disk  space  containing  the  model  and  its 
support  programs. 

A.  ACCESSING  THE  MODEL 

Once  the  required  information  is  obtained,  the  user  should  proceed 
to  LOG  ON  to  his  OWN  disk  space  entering  the  CMS  mode  of  operation. 

Upon  entering  CMS,  the  following  commands  should  be  executed: 

LINK  TO  (USER  ID*)  191  AS  192  RR 

PASSWORD 

ACCESS  192  8/A 

COPYFILE  AMPHIB  FORTRAN  B  =  =  A 
COPYFILE  SEA  DATA  B  =  =  A 
COPYFILE  LAND  DATA  B  =  =  A 
COPYFILE  BSEA  DATA  B  =  =  A 
COPYFILE  BLAND  DATA  B  =  =  A 
COPYFILE  WAR  EXEC  B  =  =  A 
RELEASE  192  (DET 


*Note:  USER  ID  refers  to  the  user  id  provided  by  Professor  Taylor. 
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What  is. received  on  the  user's  disk  is  a  copy  of  the  following  files: 

1.  The  Small-Unit  Amphibious  Operation  Combat  Model  (APPENDIX  S). 


2.  A  complete  data  set:  SEA  and  LAND  (APPENDIX  C). 

3.  A  blank  data  set:  BSEA  and  BLAND  (APPENDIX  D). 

4.  The  model's  executive  program:  WAR  (APPENDIX  E). 

B.  EXECUTING  THE  MODEL 

To  execute  the  model  utilizing  the  data  set  provided,  the  user  must 
first  compile  the  FORTRAN  program,  AMPHIB,  by  entering  the  following 
commands : 

DEF  STOR  1M 

I  CMS 

FORTGI  AMPHIB 

Once  the  program  is  compiled,  the  user  enters  the  name  of  the 
executive  file  WAR,  which  then  executes  the  program  and  displays  the 
listing  file  of  output  from  the  model,  (i.e.,  AMPHIB1  LISTING  (APPENDIX 
F) )  in  the  BROWSE  mode  of  XEDIT. 

C.  ALTERING  THE  DATA  SET 

The  user  may  desire  to  invoke  one  of  the  available  options  provided, 
or  alter  specific  elements  of  the  existing  data  set  to  "play  out"  various 
combat  scenarios.  To  alter  the  existing  data  set,  the  user  first  decides 
whether  to  alter  the  ship-to-shore  phase  of  combat,  or  the  land  combat 
phase.  Once  this  has  been  established,  the  user  can  simply  XEDIT  the 
appropriate  data  file,  replacing  the  old  input  data  with  the  new  input 
data. 

To  construct  an  entirely  new  data  set,  the  user  should  make  use  of 
the  blank  formatted  data  set  provided.  The  user  simply  XEDIT' s  the 
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BSEA  or  BLAND  data  files,  inputting  new  data  by  typing  over  the  spaces 
provided.  The  variable  names  are  listed  in  both  of  the  data  sets,  as 
well  as  in  Chapter  III  of  this  user's  manual.  The  space  provided  in 
the  blank  data  sets  is  designed  to  be  compatible  with  the  READ  format 
statements  of  the  program. 

0.  EXECUTING  THE  MODEL  AFTER  ALTERING  DATA 

If  the  user  has  just  altered  specific  elements  of  the  data  set  pro¬ 
vided  without  altering  file  names,  the  user  will  once  again  enter  the 
name  of  the  executive  file  WAR,  and  enter  the  new  data  set  file  names 
where  appropriate.  Once  this  editing  of  the  executive  file  has  been 
accomplished,  the  user  simply  enters  the  executive  file  name  WAR  to 
execute  the  model  again. 
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VI.  PROGRAM  STRUCTURE 


The  small-unit  amphibious  operation  combat  model  is  a  computerized 
model  written  in  FORTRAN.  It  consists  of  a  main  program  and  19  sub¬ 
routines.  To  assist  the  user  in  understanding  the  operation  of  the 
model,  a  brief  description  of  the  function  of  each  subroutine,  as  well 
as  the  functioning  of  the  main  program,  is  provided. 

A.  MAIN  PROGRAM 

The  main  program  serves  as  a  director  program  for  the  model.  It  calls 
for  the  initialization  of  data  for  the  ship-to-shore  phase  of  combat,  and 
then  commences  the  execution  of  that  phase  of  combat.  The  results  of 
the  ship-to-shore  phase  of  combat  as  provided  by  subroutine  SEA  are 
then  reviewed  to  determine  if  the  land  combat  phase  of  combat  should 
begin,  or  if  the  battle  should  be  terminated.  If  the  results  warrant 
a  continuation  of  the  battle,  the  reason  for  continuation  is  printed 
and  land  combat  is  initiated. 

B.  SUBROUTINES 

There  are  19  subroutines  in  the  model.  The  function  of  each  has 
been  provided  at  the  beginning  of  each  subroutine  in  the  coded  program, 
and  also  is  presented  here  for  clarity. 

1.  Subroutine  SEA 

This  subroutine  is  the  main  driver  program  for  the  ship-to-shore 
phase  of  the  amphibious  operation.  Its  main  purpose  is  to  initialize 
key  parameters,  and  to  direct  program  flow  in  the  ship-to-shore  phase 
of  combat. 
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2.  Subroutine  RKINT 

This  subroutine  provides  the  interface  between  the  EULER  numerical 
integration  routine  (RKLDEG)  and  the  subroutine  ATTR  which  determines 
each  unit's  status  as  time  progresses  throughout  the  amphibious  operation. 

3.  Subroutine  ATTR 

This  subroutine  determines  the  attrition  rates  and  updates  the 
status  of  each  unit  with  respect  to  shore  movement  based  upon  the  given 
state  variable  strengths,  and  implements  this  information  into  the  attri¬ 
tion  loss-rate  computation. 

4.  Subroutine  DTGTS 

This  subroutine  determines  the  wave  numbers  that  are  to  be  engaged 
by  the  defensive  Tank  and  ATGM  units,  based  upon  the  engagement  window 
criteria  and  LVA  wave  survivor  force  levels. 

5.  Subroutine  DATAIN 

This  subroutine  reads  in  all  user-supplied  information  required 
by  the  ship-to-shore  phase  of  the  model. 

6.  Subroutine  OUTPUT 

This  subroutine  provides  an  input  summary  printout  based  upon 
the  data  received  by  subroutine  DATAIN.  A  printout  of  dispersion  data 
generated  as  a  result  of  data  supplied  also  is  provided. 

7.  Subroutine  PHIT 

This  subroutine  computes  the  probability  of  a  hit  based  upon 
the  range,  width,  and  height  of  a  given  target.  The  ..ype  of  weapon 
being  employed  against  the  target  then  is  taken  into  consideration  for 
computing  the  specific  probability  of  a  hit. 
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8.  Subroutine  INTRP 


This  subroutine  is  a  check  to  insure  that  the  range  of  a  target 
and  the  dispersion  data  are  compatible  for  computing  the  probability  of 
a  hit  in  subroutine  PHIT. 

9.  Subroutine  RATE 

Given  the  range  and  speed  of  a  target,  along  with  the  type  of 
weapon  being  used  to  fire  upon  the  target,  and  the  suppression  factor 
the  firer  is  being  subjected  to,  subroutine  RATE  computes  the  rate  of 
fire  used  against  a  particular  target. 

10.  This  is  the  primary  subroutine  of  the  land  combat  phase  of  the 
amphibious  operation.  Information  required  for  the  operation  of  the 
land  combat  phase  is  read- in  and  printed  in  a  summary  table  for  user 
review.  The  information  provided  by  all  other  subroutines  used  in  the 
land  combat  phase  is  used  in  this  subroutine  as  input  to  the  basic  land 
combat  algorithm. 

11.  Subroutine  SETUP 

This  subroutine  is  used  to  read-in  the  terrain  data  and  create 
parametric  terrain.  The  terrain  data  will  be  used  when  computing 
line-of-sight  between  targets  and  observers,  as  well  as  providing  a 
grid  system  for  unit  locations  and  movement. 

12.  Subroutine  ROUTE 

This  subroutine  computes  the  route  of  each  aggressor  unit  when 
the  user  has  selected  the  option  of  inputting  aggressor  routes.  It 
calculates  the  coordinates  of  each  interval  endpoint  along  the  route, 
making  each  interval  length  (distance  moved  during  a  ten-second  time- 
step)  the  same.  The  interval  length  is  determined  by  the  speed  the  user 
has  selected  and  inputted  for  the  current  battle. 
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13.  Subroutine  LAMBDA 

This  subroutine  used  in  conjunction  with  the  line-of-sight 
routine  computes  the  detection  rate  (DETRAC)  of  target  j  by  the  observer 
i,  given  the  percent  of  target  visible  (PCTVIS)  to  the  observer. 

14.  Subroutine  ELEV 

This  subroutine  determines  the  terrain  elevation  for  a  given 
set  of  X,  Y  coordinates.  This  function  is  used  in  conjunction  with  the 
line-of-sight  subroutine  in  computing  a  line-of-sight  between  observer 
and  target. 

15.  Subroutine  STOCH 

This  subroutine  determines  the  attrition  coefficients  when  a 
user  has  selected  a  stochastic  attrition  option.  The  calculation  is 
a  function  of  the  original  stochastically  determined  attrition  coeffi¬ 
cient,  as  well  as  a  function  of  range. 

16.  Subroutine  ETK 

This  subroutine  computes  the  expected  time  for  a  given  firer 
to  kill  a  given  target.  The  calculation  is  a  function  of  range,  time 
of  flight  for  a  round,  and  hit  and  kill  probabilities  for  the  firing 
weapon  system.  It  is  a  number  that  is  used  in  computation  of  the 
deterministic  attrition  coefficients. 

17.  Subroutine  SORT 

This  subroutine  is  used  to  sort  targets  in  ascending  range 
order.  This  is  used  to  determine  the  priority  of  a  target  for  fire 
allocation. 

18.  Subroutine  KOVER 

This  subroutine  determines  what  portion  of  a  particular  target 
is  covered  by  the  terrain  between  the  target  and  observer. 
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This  number  is  used  both  in  the  detection  of  the  target,  and  in  the 
attrition  computation. 

19.  Subroutine  LOS 

This  subroutine  was  written  by  Professor  James  Hartman,  Naval 
Postgraduate  School.  It  computes  a  percent  of  a  target  visible  to  a 
particular  observer,  given  the  location  coordinates  of  both. 


VII.  DEFINITION  OF  VARIABLES  IN  COMPUTER  PROGRAM 


A.  VARIABLES  USED 

A(i ) 

ATFFS 
B(i ) 

CDSURV(i) 

CSURVE(i) 

DA(i) 

DEFWTS 

DELTA 

DIN  IT ( i ) 
DS1 

DS2 

DTI 

DT2 

DT1PH 


THE  SHIP-TO-SHORE  PHASE 


Aggressor  force  attrition  coefficients. 
Amphibious  Task  Fo<"ce  Fire  Support. 

Defensive  force  attrition  coefficients. 

Current  strength  of  defensive  Unit  i: 

1  -  Tank 

2  -  ATGM 

Current  strength  of  assault  wave  i. 

Attrition  rate  for  defensive  Unit  i  due  to 
the  effects  of  ATFFS/TL  F. 

Defensive  Force  Tactical  Allocation  Weights. 

Aiming  error  caused  by  the  suppression  factor 
of  ATFFS. 

Initial  strength  cf  defensive  Unit  i. 

That  portion  of  the  defensive  force  ATGM 
unit  assigned  to  engaging  the  closer  of  two 
multiple  waves  in  the  ATGM  engagement  window. 

That  portion  of  the  defensive  force  ATGM 
unit  assigned  to  engaging  the  farther  of 
two  multiple  waves  in  the  ATGM  engagement 
wi ndow . 

That  portion  of  the  defensive  force  Tank 
unit  assigned  to  engaging  the  closer  of  two 
multiple  waves  in  the  Tank  engagement  window. 

That  portion  of  the  defensive  force  Tank 
unit  assigned  to  engaging  the  farther  of 
two  multiple  waves  in  the  Tank  engagement 
window. 

Hit  probability  of  rounds  fired  by  DTI  against 
the  assault  wave  in  its  engagement  window. 
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DT1R0F 


Rate  of  fire  utilized  by  DTI  against  the 
assault  wave  in  its  engagement  window. 


GAINL 

6ALF 


GAMMA 

GATK 


GATM 

IL(i) 

IPRINT 


IWPN 

IWSTAT(i) 


RD 

RKSURV(i) 
SA(i ) 
SARTM 
SENG(i) 


Defender  attrition  level  at  which  remaining 
defending  forces  withdraw  and  land  combat 
commences. 

Denotes  whether  the  landing  force  buildup 
is  sufficient  for  land  combat: 

0  -  Insufficient 
1  -  Sufficient 

Aim-reload  time  suppression  factor. 

Denotes  whether  the  landing  force  has 
initiated  the  land  combat: 

0  -  Not  started  yet, 

1  -  Started  already. 

Time  at  which  land  combat  commenced. 

Denotes  if  wave  i  has  reached  the  shore: 

0  -  Wave  i  not  ashore, 

1  -  Wave  i  ashore. 

Denotes  whether  the  user  desires  cattle 
summary  at  each  time-step,  or  just  a 
final  summary: 

0  -  Battle  summary  printed  after  each 
time -step, 

1  -  Final  battle  summary  only. 

Weapon-type  code:  Tank  =  1,  ATGM  =  2.. 

Current  status  of  assault  wave  i : 

0  -  Not  engaged, 

1  -  Landed, 

2  -  Under  fire  by  ATGM, 

3  -  Under  fire  by  Tank, 

4  -  Under  fire  by  both  ATGM  and  Tank. 

Distance  offshore  at  which  waves  initiate 
their  transition. 

Concatenation  of  CSURV  and  CDSURV. 

Attrition  rate  for  wave  i  due  to  ATGM. 

ATGM  aim-reload  time. 

Wave  number  of  the  closer  of  two  assault 
waves  in  the  ATGM  engagement  window. 
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SENGMN 

SENGMX 

SRNG(i) 

SSIGH 

SSIGV 

SVEL 

SWTS(i) 

TA 

TA  ( i ) 

TARTM 

TB 

TBW 

TFF 

TENG(i) 

TENGMX 

TMEANH 

TMEANV 

TRNG(i) 

TSIGH 


ATGM  minimum  engagement  range. 

ATGM  maximum  engagement  range. 

Firing  range  to  wave  SENG(i). 

The  standard  deviation  error  in  the 
horizontal  axis  for  ATGM  fire. 

The  standard  deviation  error  in  the 
vertical  axis  for  ATGM  fire. 

ATGM  projectile  velocity. 

The  proportion  of  the  total  defensive 
force  ATGM  strength  to  be  allowed  to 
engage  wave  SENG ( i ) . 

Time  first  assault  wave  initiates  its 
transition. 

Attrition  rate  for  assault  wave  i  due 
to  Tank  fire. 

Tank  aim-reload  time. 

Time  first  assault  wave  completes  its 
transition. 

The  interarrival  time  between  waves 
arriving  at  the  beach. 

Time  first  assault  wave  reaches  the  beach. 

Wave  number  of  the  closer  of  two  assault 
waves  in  the  Tank  engagement  window. 

Tank  maximum  engagement  range. 

The  bias  error  in  the  horizontal  axis 
for  Tank  fire. 

The  bias  error  in  the  vertical  axis 
for  Tank  fire. 

The  firing  range  to  assault  wave  TENG(i). 

The  standard  deviation  error  in  the 
horizontal  axis  for  Tank  fire. 


TSIGV 


The  standard  deviation  error  in  the 
vertical  axis  for  Tank  fire. 


TSURV 

Total  number  of  surviving  LVA  ashore  at 
the  current  time. 

TVEL 

Tank  projectile  velocity. 

TWTS(i) 

The  proportion  of  the  total  defensive 
force  Tank  strength  to  be  allowed  to 
engage  wave  TENG(i). 

WB  ( i ) 

Aimed-fire  attrition-rate  coefficients 
for  defensive  force  Tank  and  ATGM  assets. 

WID 

Width  of  LVA. 

WVINT(i) 

Initial  strength  of  assault  wave  i. 

WVRNG 

Firing  range  to  assault  wave  i. 

VARIABLE  USED 

IN  THE  LAND  COMBAT  PHASE 

ALPHA (i ) 

Initial  attrition-rate  coefficient  for 
stochastic  attrition  option. 

ANGH(i) 

Orientation  angle  of  the  hill  ellipse 
measured  in  degrees  counter-clockwise 
from  East  to  the  major  axis. 

APOA(T,j) 

i.  L. 

1  The  average  proportion  of  the  jtn  attacker 

of  Unit  i  allocated  to  fire  on  Unit  i. 

AVD 

Average  distance. 

AVSP 

Average  speed  of  moving  aggressor  units. 

BASE 

Overall  terrain  elevation  above  sea  level. 

BREAK 

Breakpoint  distance  between  aggressor  units 
and  defensive  units. 

DISMAX 

Maximum  distance  allowed  between  aggressor 
units  before  the  leading  unit  is  delayed. 

DIST 

The  straight-line  distance  between  two 
movement  nodes  input  by  the  user. 

DST 

The  distance  in  meters  to  be  moved  each 
time-step  by  aggressor  units. 

ECC(i) 

The  eccentricity  defined  as  the  ratio  of 
major  axis  length  to  minor  axis  length. 
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"L  ( i } 

Force  level  of  Unit  i. 

FO(i ) 

Initial  force  level  of  Unit  i. 

I  ALT 

Denotes  whether  the  user  desires  alternate 
defensive  positions  or  not: 

0  -  Yes, 

1  -  No. 

IC 

Counts  number  of  time  units  a  defender 
has  been  moving. 

I  DIR 

XL 

Direction  of  jtn  interval  in  itn  route. 

11(1) 

Interval  index  for  Unit  i. 

I  IT IME 

Current  time. 

IMAX 

Maximum  number  of  time  intervals  allowed. 

I  MOVE 

Number  of  time  units  a  defender  is  allowed 
for  moving  to  an  alternate  position. 

IPRDIR(i) 

Primary  direction  of  fire  for  defensive 
Unit  i . 

IRAN 

Range. 

IRTE 

Denotes  whether  user  wants  to  input  routes 
or  not: 

0  -  Program  determined  routes, 

1  -  User  determined  routes. 

ISE 

A  switch  variable  set  to  1  when  the  defen¬ 
sive  force  ATGM  unit  initiates  its  fire. 

ISECWD(i) 

Width  of  search  sector  for  defensive  Unit 

ISPD 

Input  variable  to  denote  user's  desired 
speed  for  aggressor  force  movement: 

1  -  9  MPH, 

2  -  12  MPH, 

3- 15  MPH, 

4- 18  MPH. 

IT 

Current  time  period. 

ITE 

A  switch  variable  set  to  1  when  the  defen¬ 
sive  force  Tank  unit  initiates  its  fire. 

ITEM 

Input  variable  denoting  number  of  time- 
steps  allowed  for  aggressor  unit  move. 
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ITIME 


Current  time,  in  seconds,  of  battle. 


ITRIT 

Input  variable  denoting  whether  attrition 
will  be  stochastic  or  deterministic: 

* 

0  -  Stochastic, 

1  -  Deterministic. 

IUSTAT ( i ) 

Current  status  of  Unit  i: 

0  -  Alive,  not  firing, 

1  -  Alive  and  firing, 

2  -  Killed, 

3  -  Moving. 

LVAFR 

Firing  rate  for  LVA  weapon  system. 

LATOB 

Indicator  variable  for  one-  or  two-way 

LOS  calls: 

0  -  Do  net  compute  LOS  from  Unit  A 
to  Unit  B, 

1  -  Compute  LOS  from  Unit  A  to  Unit  B. 

LISTH(i) 

List  of  h’ll  numbers  for  each  grid  square. 

L0A(i,j) 

The  number  of  she  target  of  Unit  i. 

LOST (i ,  j ) 

Denotes  whether  1 ine-of-sight  exists 
between  Unit  i  and  Unit  j. 

LOT(i.j) 

The  number  of  the  jth  target  of  Unit  i. 

LST 

Index  number  for  the  first  hill  listed 
for  grid  square  (i,j)  in  LISTH(i). 

MVTDIR(i) 

Movement  direction  of  Unit  i. 

N(i) 

Number  of  nodes  inputted  by  user  for 
route  i. 

NA(i) 

Number  of  aggressors  of  Unit  i. 

NBU 

Number  of  defensive  force  units. 

NOVELS 

Number  of  forest  ellipses  in  terrain. 

NF(i) 

Number  of  time  units  a  Unit  i  is  allowed 
to  fire  at  the  same  location. 

NHL ( i  ,j) 

Number  of  hills  in  each  grid  square  (i,j). 

NHILLS 

Number  of  different  hills  to  be  modeled. 

NHTOT 


Total  number  of  hi 1 1 s  modeled  on  battlefield. 
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NLOSC(i.j) 

NOD 

NO  I  ( i ) 

NRU 
NT  ( i ) 
OFL(i) 

P(i.j) 

PHH(i.j) 

PHM(i.j) 

PKH(i.j) 

PM 

POA(i.j) 

POL(i) 

PTT(i) 

RANGE 

RKATTR 

RF 


Number  of  continuous  time-steps  that  LOS 
does  not  exist  between  Unit  i  and  Unit  j. 

Number  of  time  intervals  Unit  i  delayed 
in  movement. 

£  U 

Number  of  intervals  in  the  i  -oute. 

Number  of  aggressor  force  units. 

Number  of  targets  of  Unit  i. 

Force  level  of  Unit  i  during  previous 
time-step. 

Probability  of  first  round  hit  by  Ur  it  i 
in  range  band  j. 

Probability  of  a  hit  following  a  hit  by 
Unit  i  in  range  band  j . 

Probability  of  a  hit  following  a  miss  by 
Unit  i  in  range  band  j. 

Probability  of  a  kill  given  a  hit  b> 

Unit  i  in  range  band  j. 

The  proportion  of  time  a  moving  unit  is 
searching  for  targets. 

X  L. 

The  proportion  of  the  j  attacker  of 
Unit  i  allocated  to  fire  on  Unit  i. 

Percent  of  Unit  i  lost  during  the  current 
time-step. 

of  surviving  firepower  allocated 
target  if  there  are  j  targets 
available  to  be  engaged. 

Current  minimum  distance  between  aggressors 
and  defenders. 

Vector  containing  the  current  attrition 
loss  rates  to  be  applied  within  the 
Euler  integration  routine. 

Detection  rate  reduction  factor  for  a 
firing  unit  (in  comparison  to  a  non¬ 
firing  unit). 


Proportion 
to  the  i™ 


RMINTK 


Minimum  effective  range  for  an  LVA 
mounted  weapon  system. 


RMINTW 


RMXTK 

RMXTW 

ROF 

ROT(i,j) 

SIZETK 

SIZFTW 

SPRO(i) 


SUMBO 
SUMRO 
SUP FAC 
TA(k) 

TFl(k) 

TF2(k) 

TF3(k) 

TH(k) 

T I  ( k ) 

TM(k) 

TMACI.TMACJ 

TOWFR 


Minimum  effective  range  for  a  TOW  weapon  system. 

Maximum  effective  range  for  an  LVA  mounted 
weapon  system. 

Maximum  effective  range  for  a  TOW  weapon  system. 
Rate  of  fire. 

Range  of  the  target  of  Unit  i. 

Size  of  LVA  weapon  system. 

Size  of  TOW  weapon  system. 

Measure  of  hill  size  which  is  defined  to 
be  the  distance  in  meters  measured  along 
the  major  axis  from  hill  center  to  the 
contour  line  which  is  50  meters  down  from 
the  peak. 

Total-  defensive  force  level. 

Total  aggressor  force  level . 

Suppression  factor. 

Time  to  acquire  a  target  for  kth  weapon 
system  type  (k  =  1,  2). 

h 

Time  of  flight  to  1000m  for  k  weapon 
system  type  (k  =  1,  2). 

Time  of  flight  to  2000m  for  kth  weapon 
system  type  (k  =  1 ,  2) . 

Time  of  flight  to  3000m  for  kth  weapon 
system  type  (k  =  1 ,  2) . 

Time  to  fire  a  round  following  a  hit 
for  weapon  system  type  (k  =  1,  2). 

Time  to  fire  first  round  after  target  has 
been  acquired  for  weapon  system  type  (k  =  1,2). 

Time  to  fire  round  following  a  miss  for 
weapon  system  type  (k  =  1,  2). 

Elevation  of  Unit  i  and  Unit  j  in  LOS  model. 

Firing  rate  for  TOW  weapon  system. 


TPOL(i) 


Total  percentage  of  lost  since  battle  began 
for  Unit  i. 


VISFR(i.j) 

The  fraction  of  Unit  i  as  seen  by  Unit  j. 

VISFRA 

Fraction  of  Unit  A  as  seen  by  Unit  B. 

VISFRB 

Fraction  of  Unit  8  as  seen  by  Unit  A. 

X(i  ),Y(i) 

Coordinates  of  Unit  i. 

XA(i ) ,YA(i ) 

Coordinates  of  alternate  position  for 
defensive  Unit  i. 

XC(i),YC(i ) 

Coordinates  of  center  of  hill  i. 

XIC(i  ,j) 
YlC(i.j) 

Coordinates  of  the  interval  endpoint 

of  the  route  for  Unit  i. 

XL.YL 

Distance  added  to  previous  interval  endpoint 
for  vehicle  to  move  DST  during  a  time-step. 

XLOC(iJ) 

YLOC ( i ,j) 

Coordinates  of  the  node  inputted  by 

the  user  for  the  route  of  Unit  i. 
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APPENDIX  B 


COMPUTER  PROGRAM 
for  the 

SMALL-UNIT  AMPHIBIOUS  OPERATION  COMBAT  MODEL 

The  small-unit  amphibious  operation  combat  model  is  a  computerized 
model  written  in  FORTRAN.  It  consists  of  a  main  program  and  19  sub¬ 
routines.  It  was  designed  to  serve  as  a  reference  to  itself  in  order 
that  the  reader  would  not  be  forced  to  refer  to  various  manuals  outside 
of  the  program  each  time  an  explanation  of  the  functioning  of  a  parti¬ 
cular  aspect  of  the  program  was  desired.  A  listing  of  the  computer 
program  follows. 
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TUS  PRCOP AM  IS  A  SMALL- UMT  AMPHIBIOUS  OPERATION  COMBAT  MODEL 
UTILIZING  LANCt-ESTER-TYPE  EQUATIONS  TO  COMPUTE  ATTRITION. 

IT  CONSISTS  CP  7»C  eASIC  PHASES,  THE  FIRST  BEING  THE  SHIP-TO-SHORE 
CCPeAT  PHASE,  ANC  THE  SECCNO  EEING  THE  LAND  COMBAT  PHASE. 

*****  SHIP-TO-SHORE  PHASE  COMMON  BLOCK  VARIABLES  ***** 

COMMON  /il'PH/na  ).WB(2  ''  ,A<2  ),EI2),  ITE,ISE,RD,WV  INTI  5  ),W!D, 
*Tew,DINITt  2) .GaINL .IwSTaT (5 » 

COMMON  /  ENGR/  $PCM.*.X»SPOM  IN,  HTMAX  ,HT  MIN,  TTS,  TA  A  ,  TB  »  TFF 
COMMON  / 0 1  SPER/TS  IGV(6  >  ,TSI  OHIfc  ,2)  ,7KEANH(6, 2  )  , 

*SS  IGV<  7,2>.SSIGnt  ',22. 

Common  /CcF/teni.mx,ScNGmx  ,sengmn,tartm,sartm,tvel, 

*SV£L,OEFW'7S<  21 
COMMON  / SUPE  FT /GAMMA .DEL  T  A 
COMMON  /IOUT/TSUPV,  IPRINT 

*****  LANC  COMBAT  PHASE  COMMON  BLOCK  VARIABLES  ***** 


COMMON  /CRP1 /  IPPCIR(6» , I  SECWC16) ,MVTDIR (6) ,X(6I ,Y(t  )  ,S°0(6  I 
CCMMCN  /CPP 2/  TA ( 2),T1(2 )  ,7H( 2  ),TM( 2  I.TF 1(21 ,TP2( 2)  ,TF3(2 ) , 

*P  (2,6)  ,  PHM2  !  .  FHM12.6.I  ,  fKH  (2,61  ,Tr  (2  ) 

COMMON  /CRP3 /  NdU, NRU, PL ( t) tFCld) ,NOI(3)  ,XIC(3  ,200)  ,YIC(3 ,200) , 
*IDIRI3,2C0),  AVSF, ISPC 

*.  IliSTAT  (<),II(4),LCST(6,6I,VI  SFRA.VI  SFFB, SIZETK, 

*S  I2cTW,NT(4)  ,f.’F  (t  )  ,SRF,JI  SMAX  , 

*  N  L  C  SC  (  o  ,c)  ,VISfP(t»6  ),  F>*I  HTK,  FMXTK,  R  M  I  NTH ,  RMX"V( ,  OP  ,  TOWFP. ,  L  VAFR  , 
*PTT( 3, 3!  ,RF, PC  A < A, 6  I .A  PC  A  (6,61  ,L0A(6  , 6  I , NA (6  I  , Or L (6  I  ,  ?CL ( 6  I 
COMMON  /CPFA/  TFCL(6),C.0C(o,e),Q(6, t) 

COMMON  /C  0  F5  /  LCT  (6,fc)  ,?0T(6,fc  ) 

COMMON  /HILLS/  XC ( 1CCI ,YC (luCt  , PEAK! 1001  ,ANGH( 1001 ,SPR0(100I 
COMMON  /HILLS/  E  (.  C  ( 1 00  ) ,  P  >X  (  1  CO  ) ,  PY  Y  (  1  CD  ) ,  PX  Y  (  100 )  ,  bASE 
COMMON  /HILL  S/  ?IH ILLS 

COMMON  / CCVE  R/  C  XC  (  1 50  )  ,  C  >C  (  1  50 , CPE AK ( 1 501 ,CP XX ( 150 1  ,CPYY(150I 

COMMON  /CCVE?/  CPX Y ( 150  I , HCV  ELS 

COMMON  /CClNTH/  kh  ,KH*,KV  ,KN  ,XGRS  , Kg LL.KlNT 

COMMON  /GRID/  LST(5,4) ,NHL( 5, A  I ,L 1ST H( 150  )  ,KHR= P( 1 50  I  .KTREP 

COMMON  /GPU/  LSTC(5,4I,NC(5,4),LISTC(AOO),KCP.SP(150) 

COMMON  /C-RP6/  ALPHA!  t) 

COMMON  /CPP7/  XA(t  I  , Y A( 6  )  ,IMCVE(6) 

*****  MAIN  DRIVER  PROGRAM  ***** 

GATM=0. 

GATK=0. 

***  INITIALIZE  OATA  ‘CP  SHIP-TO-SHCRE  PHASE 
call  DATAIN 

CALL  SETLP 

***  CCNCUCT  SH IP-TC-SHCRE  COMEAT  PHASE 
CALL  SEA  (GAr*,GA'X ) 

IF  (GATK.NE.O.  I  GO  TC  5 
HR  IT  E ( 6 ,600 ) 

STCP 

5  IF  (GATK-  2.0  1C.2C.3C 
10  WRITE  (6, (sic  ) 

GC  TC  AO 

20  WPITE<t,ft2CI 

GC  TC  AO 

3C  HR  I  Tg  ( t  ,6  ?C  ) 

AO  NRI TE ( t ,6AC  t  CATM 

***  CCNCUCT  LAND  CCMEAT  PHASE 

CALL  GRCLND! GA  IM  ,  7 SUR  V  ,1 P  SI NT  ,7TS) 


COG  FORMA  T( IX, ’TOTAL  LANDED  LANDING  FCPCE  STRENGTH  IS  INSUFFICIENT*, 
*•  FCR  GROUND  ATTACK  •  ) 

CIO  FORMAT ( 1 > ,  *L ANC  CCMBAT  STARTS  WHILE  SHCRE  COMBAT  IS  GOING  ON*) 
tZO  FCPMA,T<  IX,  *LANC  CCMBAT  STARTS  AFTER  CEFENDEP  BREAKS  CCNTACT’I 
t30  FCFMATUX.'LANC  CC^eAT  STARTS  AFTER  ALL  WAVES  LANDED') 
tAC  FCPMATI /IX,* LAND  CCM6 A T  ATTACK  TIME  «*,F6.1,*  SECCNCS'I 
STCP 
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£NC 

SLeROUTINE  SEA (GA  TM  ,GA  TK  I 

***  SL  EfiOUT  IN  E  IS  T  HE  *A1N  DRIVER  PROGRAM  FQR  THE  SH I  P-TC-SHORE 
PHASE  OF  THE  AMPHieiCUS  Q  PER A  T  ICN .  !TS  MAIN  PURPOSE  IS  TO 
INITIALIZE  KEY  PAF.AMCT  =  RS  ANO  TO  DIRECT  PROGRAM  FLCW  FOR  THE 
SMF-TC-SHCRE  PHASE  fF  COMBAT 

CCMMCN  /fMPH/IL(5)*WB< 2)  ,A(2),B(2I.I TE . I SE ,R0. WVINTI 5 >  ,WID  , 
*T£W*DINn(2)  .GAINL  .IWSTA7  (5) 

COMMON  /ENGR /  SPCMAX , SPDM  IN ,HT MAX ,HT M IN, TTS .T AA, T B  ,  T FF 


CALL  OU7FL7 
IRC=500 

new*i2o 


RC  *  1. 0* I FC 

tew= i.o*  itbw 

T  tNT*0.0 


***  COMPUTATION  OF  F  IF  ST  WAVE  TIME  PADA.'I  ETERS 
TA-TlME  FIRST  HAVE  INITIATES  TRANS  ITUN 
TB-TIMc  FIRST  HAVE  COMPLETES  TRANSITION 
TFF-TIME  FIRST  wAVE  REACHES  The  BEACH 


TAA*(5COC.-RO) /SPCMAX 
TE*TAA+T7S 

TFF=T8+( FC-(  0.  5*  (  S  PCM  AX-  S  POM  I  N)*TTS  !  -150.  ) /SPDM  IN 

cei=i  o. 

WiR  ITP ( 6  « 6CDI  RC.TEW 

fcOO  FCRMATI/.1X, ’  ITERATION  1  N ITI  A TED.  .. R D  = * . F10. 3. 1 X  ,  •  TBW* 
*•  ,  FLO. 3  ) 

CAtL  RKIM(OEL, TINT, N, GAT  H.GATK) 

RETURN 

ENC 


SLEROUT I  AS  RKI  NT(H,T1,N,G  ITM.C-ATK) 

***  SL6PCUT I  NE  P.KINT  FPCVICES  THE  INTERFACE  BETWEEN 
THE  EULER  NUMERICAL  INTEGRATION  RCJT 1  Net RKLOEQ > 
AN  C  THE  SUBROUTINE  ATTR  wFICH  DETERMINES  EAC  H 
UM  T*  S  STATUS  AS  TIME  PPUCRESStS  THROUGHOUT  THE 
AMPHIBICLS  upepaticn 


CCMHOM  /AMPH/ILIE) ,WB<2) , M2) ,  F(2 I, I TS , ISE, R D, WV INTI 5),WID, 
*TBW. DIN  17(21 .GAiNL.lflSTAT (5) 

COMMON  /  ICUT/TSUFV  ,  IFRINT 

0 1  MENS  I  CM  CSURV(5)  .CC3UR  V  (2)  «7A(5)«SA(5)»CA(2) 

DIMENSION  RKSURvni  ,R  KA  T  1R  l  7  )  ,TA”R  (DvO  .  L2 )  .TIME  (200) 


*****  VARIABLE  DEFINITIONS  ***** 

I  m  AX  -  MAXIMUM  ALL  CWAriEL  NUMBER  OF  TIME  INTERVALS 
IH 1 1  -  A  SWITCH  VARIABLE  «HC$E  cu-MENT  I  IS  S5T  TO  I  WHEN 
LAVE  I  ARRIVES  AT  Th*  BEACH 
I SE  -  A  SWITCH  VARIABLES  SET  TO  l  *mEN  THE  OEF.ATGM 
UNIT  INITIATES  ITS  FIRE 
IT  -  CURRENT  TIME  PE=ICD 

ITE  -  A  SWITCH  VARIABLES  SET  TC  l  WHEN  THE  DEF.TANK 
UNIT  INITIATES  IIS  FIRE 
T  -  CURRENT  TIME 

TSLRV  -  TOTAL  NUMBER  OF  SLRVlVING  LVA  AT  THE  CURRENT  TIME 


CDSURV ( I 1 


CSURVI I ) 

oTnitii ) 


P  K  SUR  V  ( I  I 
hV  INTI  I  ) 


*****  STATE  VARIABLE  DEFINITIONS  ***** 
-  CURRENT  STRENGTH  CF  DEFENSIVE  FORCE  I 
I  *  l  TANK 

I  *  2  A 1GM 

-  CURRENT  STRENGTH  CF  ASSAULT  WAVE  I 


-  INITIAL  STRENGTH  Oe  DEFENSIVE  FORCE  I 
-  CONCATENATION  CF  CSURV  AND  CDSURV 

-  INITIAL  STRENGTH  OF  WAVE  I 
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I»  *  285*3 

gaif*o. 

INAX*199 

\l\:°0 

TSIPV=0. 

TIPE<  I  I  =  C. 

T*TI 

OC  10  1*1.5 

CSURVII  l*HV  INT  <  !  I 
TSUR\i*TSUPV+CSl.FV(I  ) 

ii( n *c 

IWSTATI  Il=c 
10  CONTINUE 
OC  15  1*1,2 

CDSURV (  I)*CINIT( I I 
15  CONTINUE 

CC  20  J*  I  ,  12 
2C  TATTPIi ,J)=0. 

11*1 

CC  25  1*1,5 
25  RKSUPV  II  I  =  CS0R V (  1 1 
RKSLRVI 4  l*CSlP V(ll 
RKSURV(7)*CSURV(2) 

CC  30  1 *1 ,7 
30  RKATTR  (  I  l*C. 

NT  *0 

120  CALL  ATTR(T»CSLR\i,CCSURV,TA,SA«CA,GALF,GATK,SATM,IXI 

*****  ST  AT  E  VARIAELE  DEFINITIONS  ***** 

OA  ( 1  )  -  ATTR  IT  If  N  RATE  FCF  DEFENSIVE  UNIT  I  3'JE  TO 
THE  EFFECTS  CF  ATFFS/TLF 
SA11I  -  ATTRITION  PATE  FC  F  WAVE  I  DUE  TO  ATOM 

TA<  I  I  -  ATTRITION  RATS  FC  F  WAVE  I  DUE  TO  TANKS 

RKATTR  t I  )  IS  A  VECTCF  CONTAINING  THE  CURRENT  ATTRITION 
LOSS  RATES  TC  ae  APPLIED  WITHIN  THE  EULER 
INTEGRATION  ROUTINE  TO  THE  STATE  VAFIA3LSS. 
1*1,5  L V/  HAVES  1-5 

1*6  OT 

1*7  OS 

IX  =  IX  4  7 

I F  ( IL  1 1  )  •  EC.  55  I  GC  TC  130 
00  AC  1=1 .5 

RKSURV  < I  )  =  C  SLR  V( I  ) 

40  BKATTF  m  *  ITAIH^SAdl  l*(-l  .0) 

CC  45  1*1,2 

PKSURVI  X  *-  5  )  =CCSUR  V  (  II 

45  RK  <T7R<  MS  (  =  -I  ,0*CA(  !  ) 

S* RKLDECI7, RKS l? V, RKATTR  ,T,H,NT» 

LS  INK  =  1 

OC  50  1*1  ,5 

IF  (LSINK.EC.CI  GC  TO  *6 

CSLRVtn  *  CSUPV(l)  +  RKATTR  (I) 

GC  TC  50 

46  CSURVIll  *  PKSCRV(I) 

50  CONTINUE 

OC  55  I*), 2 

CDSURV (II=RK$URV( 1*5) 

55  CONTINUE 

IFIS-l.)  110.12C.12C 
110  HPITEI6,600) 

STOP 

130  CCNTINUE 
I  T  *  I T»1 
T  SIR  V*  0* 

CC  65  L  *  1 , 5 

65  THRVMSIPV+CSLPVU) 

if (TSURV.lE. C. )  T  SCR  V  =  0. 

TIME!  IT  )*T 

IFUPRIM.EO.il  GC  TC  559 


(JUU  UUUUUUU  u  uuu 


c  ***  PRINT  REJILT  OF  SHIP-TC- SHORE  MOVEMENT  AFTER  EACH  TIME  STEP 

writer, tic)  t 

WRITE!6,62C) 

CC  70  1*1,4 

PL0ST*1.-CSURV! I I  /  WVI N T( I ) 

WRITE  <6  .630)  I  .C  SUFU (  I  l.IWSTAT (I)  .PLOST 
7C  CCS TINUE 

FlCST*i.-CSUPV (5 l/WV INT  (  5 ) 

WRITE (o  .6401  C  SUF V i  5  )  , I WS  7 AT f 5  )  , PLOS T ,TSURV 
FICST-l.-CCSURWC :i/0INIT(  II 
WFITF(6,65CI  CCSURV ( 1 ) .PlCST 
FLCST*  l.-CCSU? VI 2 )/CINIT(  I) 

TASURV=CCSURV (  1)«CCSURV<  2  ) 

WRITEI6  ,660  C  CSLR  V  ( 2  I  ,PL  CST  ,  TASURV 
SSS  CONTINUE 

***  DETERMINE  R:  THE  FIRING  RANGE  TO  THE  LAST  INCOMING  ASSAULT  WAVS. 
R*PNG(T-4.*T8W ) 

**■»  DETERMINE  IF  ALL  WAVES  LAMOeL  AND  LAND  COMBAT  STARTEC 
NOTE:  THE  MODEL  IS  TERMINATED  IF: 

1.  THE  FIRING  RANGE  TC  THE  LAST  ASSAULT  WAVE  IS  LESS 
THAN  75  METERS. 

2.  THE  DEFENSIVE  BREAKPOINT  HAS  9EEN  REACHEC 

3.  THE  MAXIMUM  NUMBER  CF  ITERATIONS  HAS  BEEN  EXCEEDED 

I F (R.LT  .75.1  GC  TC  2C0 

IF(  IT.GT. IMAX)  GC  TC  2  CO 

IF  ( IL(  II. EC. SSI  GO  TC  2CC 
GC  TC  120 

2C0  N  *  I T 

***  PRINT  RESULT  OF  THE  SHIP-TO-SHCRE  COMBAT  PHASE 
WFITE(6,613)  T 
WRITE! 6 , 620 
CC  SO  1*1,4 

FLOS T*I. -CSLR V< I l/WVINTI  I  I 
WP I  TE  ( 6  ,6  3C  I  i.CSLRVd  l.IWSTAT  II  I  .FLCST 
SO  CONTINUE 

FLC ST  =  1.-CSUPV <5 l/WVINTI  5  ! 

WRITE (6, 640  C  Sur  V ( 51 ,  I W  $  'AT ( 51 .PLOST.TSJRV 
PLCST*l.-CC3URV(i ) / C I N I T ( 1) 

WRITE (6, 650  CCSLRV  11)  ,  =  LCST 
FlCST=l.-CDS<JRVdl/CINI~(  II 
TASuPV=CCSuRV(l)*CCSLRV(2 1 
WRITE (6, 660  CCSLR  V ( 2  I  , P L CST , TASURV 
WR  ITE(  6 , 670  TSURV 
I F (GATK . G E .1 • I  GC  TC  SSSS 

IFITSUPV.LT.S. I  GC  TO  S99S 
GATK=3. 

GA  7M*T 

9SSS  CONTINUE 

too  FORMAT ( IX , ' ERPCR..S.NE  .1. CP. 2*  ) 

61C  FOFMAT  (  /  //IX  TIME*'  ,F6.1  ,1  Xj  >  S  EC  C'!D  S '  U  ) 

620  FORMAT! IX , 'WAVE* , 2X.  'FCRC  E  Lc  VEL  * ,2X  ,  • ST A TUS • , 2X , ' LCSt-dcT'  , 
*2X,  'TOTAL  SJRV  IV  INC'  ) 

630  FORMAT ( 2X.1 1.3X.FIC.4 , 5X, II  ,5X  .F9.3I 
64C  FORMAT  <2X, '5 ' , 2X.F10.4.5X ,11 , 5X.F  8.  3 .7X.F5.2l 
650  FORMAT  (IX, 'T  ANK'  ,2X  ,  F10. •»  ,1  iX  ,  FB.  3 > 

66C  FORMAT  (  1  X  ,  ‘A  TGM  •  ,  2X  ,F1  C.  4,11X,F8.  2.7X.F5.2) 

670  FORMAT ( IX, 'F INAL  LVA  SURVIVORS  ASHORE*  • .F10.3) 

RETURN 
ENO 


FUNCTION  FKLDECU  .Y.F.X.H  ,NT  ) 
D  I  MENS!  CN  Yd)  ,F  ( 1 1  .  C  ( 25  ) 
N7*NT*1 

GC  TO  11, 2, 3, 4), NT 
1  h  1*H 

AA*H1/4.C 
CC  11  J  *  1 , N 
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11  c(v>*o. 

X*X+AA 
GC  TC  5 

2  XO  +  AA 
GC  TO  5 

3  X  *  X  + A A 
GC  70  5 

A  CC  6  L  =  1.N 

6  V  111  =  71 L  I ♦ AA*F (L I 
NT*C 

X*X*AA 

RK10EC*2. 

GC  TO  S 
5  CC  7  1*1, A 

7  > ( I ) *Y (  I  l+MAFII) 
RKLDEQ* 1 .c 

8  F  f TURN 
EKC 


SCeROUT IKE  ATTR<  T.CSURV.O  5URV ,TA,SA , CA.GALF  ,GA*K ,GAT N , IX ) 


***  GIVEN  T(-E  CURRENT  TIMS  an 

subroutine  attr  cetermine 
THE  STAUS  OH  EACH  UNIT  W 
AM  IMP  L  EMEN  T  S  THIS  INFGP. 
CCMPUT  AT  1CN. 

*****  STATE  VAR  I A 
CA ( I  I  -  CURRENT  ATTRITION 
ATFFSI AMFHieiOUS 
IL ( I )  -  WHEN  ECUAU  TC  SR 
HAS  BEEN  PEACHEO 
S  A  ( I  I  -  CURRENT  ATTRITION 
TAIIJ  -  CURRENT  ATTRITION 


C  STATE  VAR  I A  EL  S  STRENGTHS, 

5  THE  ATTRITION  RATES  AND  UPDATES 
!TH  RESPECT  TC  SHORE  MOVEMENT 
NATICK  INTO  THE  ATTRITION  UCSS  RATE 

EUE  CEFIMTICNS  ***** 

LOSS  RATE  FCR  DEF.  FORCE  !  DUE  TC 
TASK  FORCE  FIRE  SUPPORT)/TLF  EFFECTS 
INDICATES  THE  DEFENSIVE  BREAKPOINT 

LCSR  RATE  FCR  HAVE  I  DUE  TO  ATGM  FIRE 
UCSS  RATE  FCR  WAVE  I  DUE  TC  TANK  FIRE 


CCNMCN  /AHPH/IL<5l,WB<2l . A ( 2 ) , 8 1 2 > , I TE , I SE ,RD , W V I  NT ( 5 )  ,WI  D , 
*T6I», 01  N  17(2)  «  C  A  I K  L  *  I W  ST  AT  151 
CCNMCN  /CEF/TEKGNX.SENGMX  .SEKGNN, TAR TM ,S ARTM ,T VEL , 
*SVEL,DEFvTS< 2  ) 

INTEGER  1ENG  <  £  t , ScKG ( 2  I 

C1MEKSICK  TR NG  ( 2  )  »  Tw TS  (  2  I  ,$RNC(Z)  ,D S  UR  V(  2  I  , SWT S  l  2  )  , 

♦  CSURV (5  ),TA(5I,SA15),CA(2  1 , A  £  X  <  20  ) 

(.‘IKK  *  1 


CC  10  1*1  ,5 
TA< I l=C. 

SA( I )=C. 

1C  CCMINUc 

♦  VARIABLE  DEFINITIONS  ****** 

DTI  -  THAT  PCRTICK  CF  THE  DT  UMT  ASSIGNED  TO  ENGAGING  THE  CLOSER 
OF  TWO  MULTIPLE  WAVES  IK  THE  TANK  ENGAGE  ME  NT  WlKDCW 

07 Z  -  THAT  PCRTICK  CF  THE  DT  UMT  ASSIGNED  TO  ENGAGING  THE  FARTHER 
OF  TWO  MULTIPLE  WAVES  IK  THE  TANK  ENGAGEMENT  WINDOW 

0S1  -  THAT  PCRTICN  OF  THE  DS  UMT  ASSIGNED  TO  ENGAGING  THE  CLOSER 
OF  TWO  MLLTIPUc  WAVES  IK  THE  ATGM  ENGAGEMENT  nINDOW 

CS2  -  THAT  PCRTICN  OF  THE  DS  UNIT  ASSIGNED  TO  ENGAGING  THE  FARTHER 
OF  TWO  MULTIPLE  WAVES  IN  THE  ATGM  ENGAGEMENT  WINDOW 

CS1«0. 

C  S  £*0. 

DU*0. 

C7£*0. 

FAC«1.0 
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***  DETERMINE  IF  PART  CF  LANDING  FORCE  AC VANCE  TO  ATTACK  INLAND 
KEY  TERRAIN 

IFIGATK.EC.1.01  GC  TC  15 

IFIGAS.F.EC.1.C.  ANC.  (CSLRV  (  1  J+OSUR  V<  2)  )  .LE.GAINL*  (DINITI  1 1 
•♦CINITI ail)  GATM=T 

IFICALF.EC.l.O.ANC.  IDSLS  vm+OSUfiV<  21  I.LE.GAINL*(DINIT<1) 
*4CINIT(2»II  GATK=1.0 

***  DETERMINE  IF  DEF.  BREAKPOINT  FAS  BEEN  REACHED 

15  IFI(DSURV(ll*DSLPV<2M.LT.0.3*(OINIT(l»+OINIT(2l  II  GC  TO  20 

***  DETERINE  ATTPI  1 1 CN  SATE  CF  DEFENSIVE  FCRCES  3Y  ATFFS 
EASED  ur-CN  AREA  CR  AIMED  FIRE  STATUS 

WVRNG  =  FIRING  RANGE  TC  AN  ASSAULT  WAVE 

C  f  1 1 1  *  9  I  I  i 
C  A (2 1 aB (2 ) 

IFIITE.EC.C/  DAI i I =A<1|*0 SURV ( 1) 

IF!  IS  E  .EQ.O  I  CA(2)  =  A(2:*DSLRVI  2) 

GC  !C  AO 
20  C  SLR  VI  1  I  =  C  . 

CSLRVI2MC. 

DA (  1 ) - C. 

CA  121  =  0. 

IFIGATK.EC.l.J  GC  TO  35 
GAT*  T 

***  DETERMINE  T*=  C  £  F.  ER  E  AKPO  I  NT  HAS  BEEN  REACHED  BEFORE  SUFFICIENT 
LANDING  *CPCE  IS  BlILT  UP  ON  THE  SHORE  F  CR  INLAND  ATT  ACK 

25  CC  30  1 >1  ,5 

WVRNC=RNG IGAT-T8W*! I-l II 
IFIWVFNG.LT .75. )  I L ( I  1  =  1 

IfIIHII.EC.il  ILF  =  1LF-*C$URV(  I  I 
30  CONTINUE 
GAT  =GAT ♦ 10 , 

1FITLF.LT. 9. 0.ANC.ILI5I.EC.1)  RETURN 

IFITLf.LT  .S.O.ANO.ILI 5  I.NE.  1)  GO  TC  25 
G  A  1  k  *2  . 

G  A  L  F  =  1  • 

GAI*'=GAT 

V.R  I  TEI  6 ,6  1C  )  G  AT  M 

610  FORMAT!/, IX,  'LAND  C CMBAT  INITIATED  TIME*’  ,F7. 1 ,  •  SECONDS 

35  II  (11  =  55 

WPITEIt.tEC)  T 

620  FCRAATl lx, 'BPEAKPOI NT  REACHED  AT  TIME  =•  ,F7.1,'  SECONDS') 

RETURN 

♦**  SUBROUTINE  DTGTS  DETERMINES  THE  FIRING  STATUS  F CR  THE 
TWC  DEFENSIVE  UNITS. 

*0  CALL  DTGTSIT ,TENC,TRNG,TWTS, SENG, SRNG, SWTS. CSURVI 


*****  STATE  VARIABLE  D  E  c  INI  Tj  0 
TENGIil  -  THE  WAVE  NUMeER  OF  THE  CLO 
WAVES  IN  THE  Tap*  ENGAGEME 
TRNGI1)  -  THE  FIRING  RANGE  TC  WAVE  T 
TWTSIli  -  THE  FRCFCPTICN  CF  THE  TOTA 
TO  BE  ALLCCATEO  TO  ENGAGIN 
TENGI2 )  -  THE  WAVE  NUMBER  OF  THc  FAR 
WAVES  IN  THE  T  A  f  K  ENGAGEME 
TRNGI 2  I  -  SIMILAR  INTERPR  ETATI CN  AS 
TWTSI2I  -  SIMILAR  INTERPRETATION  AS 
SENG(l)  -  THE  WAVE  NUMBER  CF  *HS  CLO 
WAVES  IN  THE  ATOM  ENGAG£“c 
SPNGI1)  -  FIRING  RANGE  to  WAVE  SENGI 
SWTSIII  -  THE  FRCPCFTICN  CF  THE  TOT A 
TO  BE  ALLOCATED  TO  ENGAGIN 
SENGI2 I  -  THE  WAVE  NUMBER  CF  THE  FAR 


N  R  i,**.** 

SER  Cc  TWO 
NT  WINDOW 

L^ol* STRENGTH 
G  T3NG  I I  I 
THER  OF  TWO 
NT  WINDOW 
TRNGI 1  I 
TWTSI 1 ) 

SEP  OF  TWO 
NT  w I  NOG W 
1) 

L  CS  STRENGTH 
G  SENGI 1 I 
THER  OF  TWO 
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£  *** 

c 

*** 


*** 


*** 


*** 


*** 


*** 

*** 

**• 


JO 


WAVES  IN  THE  ATOM  G  FCAGcME  NT  WINOOW 
S0NG(  2 1  -  SIMILAR  INTERPPETATICN  AS  SRNGI1J 
SWTSI2I  -  SI«ILAP  IN7ERPR  £T  AT  ICN  AS  SWTSIIJ 

CEtESMINf  THE  CUMULATIVE  MJMBER  OF  SURVIVING  L VA • S 
THAT  HAVE  REAC  EEC  The  EEACH  -  TLF 

Tlf«0. 

CC  45  J«l,5 

IF!  ILIJJ.EO.il  TLF-TLF+CSURVIj J 
CCATINUE 

DETERMINE  If  TLF  BUILT  UP  IS  SUFFICE  AT  FOR  LAND  CCMBAT 

1FITLF.GE.9.  I  GALF*  1. 

If ( GATK.cQ. I  •  J  TLF  =  TL  f -9. 

ALLOCATE  THE  FCRCS  STR ENG 1H  CF  TLF  BET^EN  THE  two 
DEFENSIVE  FORCE  UNITS 

CSUM»OSURV<I  H-CSlRVI l\ 

TLF1=(DSLFV(1) /LSUM) >TLF 
TLF2*I0SLRV<  2)  /OSLM)-»TLF 

ACC  TO  C A 1  ANC  CJ2  TPE  ATTRITION  LOSS  RATE  DUE 
TC  THE  EFFECTS  OF  TLF 1  ANC  TLF2 

OA(lI«OA(ll+TLFl*usm 
CA(2)*DA(2l*?LF.'*Wt?(  2) 

IF  (OSURV  II >. LE  .C.G  1  CA(1)*0. 

IFIDSLRVI  2) .LE.C.CI  0A(2)=0.0 
ICA  =  L 
N  *  20 
MIJL  *  1 
ISCRT  *  C 

CALL  LSNCIIX.ASX.N.MJL.ISCRT) 

CETERMINE  IF  TFEPE  EXISTS  AN  INCOMING  WAVE  IN  THE 
TANK  ENGAGEMENT  UNCCw  (I.g.  TENS  1 1 ) .NE.O J 

IFITENGUJ.ee. C.  I  GC  TO  ICO 
ITE  =  1 

CETERMINE  THE  TUE  SINCE  WAVE  TENGI1  )  CROSSED  THE 
JCCC.  METER  CFFShCRE  MARK  -T1 

T 1 »T-T E VA  (TENG (1  1-11 
CT1=TWTSI1I*0SLRV< 11 
FAC=l, 

DETERMINE  the  SUPPRESSION  EFFECT  TO  EE  IMPOSED 
CN  THE  CT  UNIT  E  AS  E  C  ON  TFE  ATTRITION  LOSS  RATE 
CLRRENTLT  IN  EFFECT 

SUPFdC  =  4TFFS  SU PRESS ICN  FACTCR 

SCFFAC*OAI 1J 

CALL  RATE (TRNG 1 1  I «$P CIT1 1  ,1 , SUFFAC. D T1R0F 1 

0T1R0F  -  RATE  CF  FIRE  L  TI  L 1 2E-A  BY  0T1  AGAINST  WAVE  TENGI1I 
CALL  PFITITRNG  U I ,WIC, HU  III «  I, SJPF A C.OTIPH I 

OTIPH  -  HIT  PFCEAcILITY  OF  SCO NOS  FIfteC  3Y  0T1 
AGAINST  WAVE  TSNGI  1  1 

DETERMINE  THE  ATTRITION  LCSS  RATE  FOR  WAVE  TENG U  I 
CLE  TO  CT 1  FIRES 

TAITEMGIIJ I«0T1PH*0T1PCF*CTI 
IF  (LSINK.eO.OI  CC  TC  55 

IF  (ASXIICA I.CT.TAI TeNCIl )  )  )  GC  T C  50 

taitenci  :j  i  »  1.0 

CC  TC  55 

TA( TENG  11 J J  *  C.O 
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*5  ICA  »  ICA  +  1 

***  CE1ERMINE  IF  TREPE  IS  A  SECGNl  INCOMING  *AVE  THAT 
IS  IN  tre  TANK  ENGAGEMENT  WINCC*.  IF  THERE  IS  The 
ATTRITION  FATE  COMPUTATIONS  ABE  SIMILAR  IN  FDR M 
TC  THOSE  PREVIOUSLY  FERFCFMEC  FCB  The  CLOSER  hAVE 

I F ( TENG ( 2 ) . EC.C )  GC  TO  IOC 
T2*  T-TBv*  I  TENG  (21-1  ) 

0T2  =  TUTS(  2  I  »0St.BVi  11 

CALL  FATE  IT  PNG  12  )  ,SP0  (  TO  I  « 1  »SU  “c  A  C.  CTZRGF  ) 

CALL  FRIT (TRNG t  21  ,*  ID  .  H*(  T2  1 ,1  ,S JPFAC ,CT2°H I 

TA(TENG(2)I«CT2Fp*OT2RCc*CT2 

IF( LS  INK. SC .01  GC  TC  a  ‘ 

IF(ASX(  ICA  I  .GT.TA(  TC-NGl  2>  ) )  GO  TC  £0 
7 A  (T ENG ( 2  I  J  *  1.0 
GC  TC  £5 

£0  TAlTENG(i)  )  =  0.0 

£5  ICA  =■  ICA  ♦  1 

*<Mt  CETERINE  If  THERE  EXISTS  AN  INCOMING  WAVE  IN  THE  A  7;-M 
ENGAGEMENT  WINCCW,  1=  THE  FE  IS,  JET  £  F“  IN  E  THE  AT "R  IT  ION 
EFFECTS  AGAINST  THAT  „AVE  DUE  TO  ATGR  THE  ATTSI'ICN 
RATE  COMPUTATION  ARE  SIMILAR  IN  FORM  TC  THOSE  FOR  THE 
EFFECTS  CLE  7h£  TANK  FIRE. 

ICO  IF(SENG<1  I. EC. Cl  CC  TO  20C 
ISE  =  1 

SI-T-7ew*(SENG<n-l) 

DS1  =  S  V  TS(  1  I  *0  SLR  V  ( 2  I 
SUPFAC=CA(2l 

CALL  FATE(SRNG(1I,SP0( SII , 2  ,SUPC A C , OS  IRC* ) 

,  CALL  FHlT(SPNGd)  ,WI0,  NT(T1  t.C.SJPFAC,  0S1PH) 

'  SA(  SENGd  M -OS  1PH'0S1RCF*0S1 
IFILSINK.EC.Ul  CC  TC  75 

IFIASXt  ICAI.GT.SAI  SSNGU  >  >)  GO  TC  70 
SAISENGI 1  )  )  *  1. C 
CC  TC  75 

7C  SA  l  SENG (  II  )  *  C.  0 

75  ICA  =  ICA  ♦  1 

1  F  (  SEMG (  2  )  «E C. C  )  C-C  TC  20C 
S2=T- lev* (SENG (21-11 
0S2  =  SWTS(  0  I  <tOSO«V(2l 

CALL  FATE ( S RNG ( 2  I  ,S PC ( S2 » , 1 , SUPF A C , OS 2R3F ) 

CALL  FRIT  (SfiNGdl  ,*  ID  ,  HT<  S  2  >  ,2  .Sll PF  AC  .  JS2  PH  » 

SA(SENC(2  ll=CSCFH- CSC °CF*CS2 
I F  < LS1NK. EC.J)  GO  TC  35 

IF  (ASX (  ICA ) .GT.SAl  S ENG { 2) ) I  GO  TC  50 
S A (S  EN  G ( 2  )  )  =  1.0 
CO  TC  85 

80  SA  (SENG( 2 )  )  =  0. 0 

65  ICA  =  ICA  ♦  1 

2CC  RETURN 
ENC 


SLEROUTINE  OTGTS (T ,  TENG.T FNG.TWTS.SE NG.SRNG, SWTS ,CSURV  ) 

***  GIVEN  THE  CURRENT  TI«E  AN  C  LVA  WAVE  SLRVIVOR  POPCLATICNS, 
SLERCUTINE  OTGTS  CETERMINES  THE  WAVE  NUMBERS  TH£T  ARE 
TC  BE  ENCAGED  eY  CEFENSIVc  TANK  AND  A7GM  UNI TS  BASED 
CN  THE  EKEMENT  WINCCW  CRITERIA 

COMMON  /£NPH/IL(5  I.W6<  2l  .£(2)  .e(2l  , ITE  ,1 SE ,RD , WVINT( 5 )  ,WID, 
•  TEH. Cl  NIT (2  I .CAINL, I«STAT  (5) 

COMMON  /CcF/TENGMX.SENC-MX  ,SENGKN,  TAR  T  M  ,S  ART.M  ,T  VEL  , 

♦SVEL, CEFWTSI  2 ) 

INTEGER  TENGI2  ),SENG(2) 

C  IMENS I  ON  TRNG ( 2  I , SR  NG( 2  I  ,TWTS(2I  ,SWTS(2)  ,CSURV(5)  ,CENC(5  I 
DO  10  1*1,2 
TENG(  I ) *0 
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I 

c 

c 

c 


c 


i 

c 

c 

c 

c 


TwTSI  I)=0. 

TRNGl  1  )*0. 

SRNG  (  I  )  -0  . 

SENG (  11*0 
SwTSl I  1*0. 

XC  CCS T1NUE 
JT*0 
JS«0 
7‘IN*0. 

SSLM=0. 

CC  100  1*1.5 

WVRNG*  RNG (  T-TE  t>*<  1-1)  ) 

IFIWVRNG.LT.75.  )  T  (_  <  I  1*1 

IF  I.VRNG.LT.75.  I  7wSTAT<I>=rl 

***  IF  THE  FIRING  RANGE  TO  A  WAVE  IS  LESS  THAN  75  PETERS, 
THE  WAVE  IS  CCNS’.CEREO  TC  HAVE  REACHED  A  COVERED  AND 
CCNCEaLEC  POSITION  CN  The  ScACI- 


IFIIhVRNG.GT.TENCHXI.CR.tCS CRVIII.LT. 0.35). CP. 

♦  IWVPNG.LT. 75. I.CR. (jT.GE.lt  I  CC  TO  5C 

JT=JT«1 
TENGl JT  )  *1 

TWTS(JT)  OEFwTSI  JT  )*C  SUR  VI  I) 
TSLN=TSUN+TwTS<JT  ) 

TRNGl JT)  =  VV-NC 

50  IF  ((  WVRNG.GT  .Se'-GNX)  ,CR.{  CSU  R  VI I  )  .L  T.  0.  05  1  .  CP  . 

*  (WVRNG.  LT.SENCNM  .CR  .  (  J3.  (E.2  )  )  GC  TO  100 

JS*JS+  ! 

SENG< JS  1  =  1 
SRNG  <  US  I  *w  VRNG 

Swts(jSi=oec»tS(js  i*c  Slip  v  t  i  i 
SSUM=SSUN*SWT  S(JS  ) 

IOC  CCNTINUE 

***  CETEPMINE  WAVE  STATUS 


CC  20  1=1.2 
OC  25  J=l ,5 

IF<IWSTAT(Jl.NS.l.ANO.SENG(I). EC.J)  IWSTAT(J)=2 
25  CONTINUE 
2 C  CCNTINUE 
CC  30  1*1,2 
CO  3  *  j  =  1  ,  c 

IFIIWSTATIJi.SC.l)  CO  TC  35 

IF  <  I W ST ATI  J  ). SC.  :. AND. TENGl  I)  .=0. J)  I wS'AT ( „) =« 

IF  (  IWST  AT  (  J  1  ..'E.2  ,  ANO.  TENGl  I  I. EC.-)  !hS';TU  = 


35  CONTINUE 

30  CONTINUE 

I F (TENG ( 1 ) .50. C)  GC  TO  500 
CO  2CC  1=1,2 

TWTSII  )*TWTS(I J/TSU W 
200  CONTINUE 

500  IF  (SENGt 1 I.EO.C)  RETURN 
00  6  C  0  1  =  1,2 

SwTSIl  )  =  SW  T  S  (  1  l/SSUM 
600  CONTINUE 

RETURN 
ENC 


SUBROUTINE  OATAIN 

♦**  SLEROUTINE  OATAIN  READS  ACL  USER  SUPFLIcC  INFORMATION 
RECUIRIO  eY  THE  SHIP-TC-SFORE  PHASE  OF  THE  NOD EL 

CCNMGN  /ANPH/ILI 5 )  ,WB( 2)  ,  A( 2 )  ,e(2 I , I TE ,1 SE • RD, WV INT I  5  I ,W 10 
♦Tew,DINlT<2) .GAINL.IWSTAT (5) 

CCNMON  /  ENGR/  SPCNAX  ,S  FCN  IN  .HTNAX  ,HT  N  IN,  TTS,  TAA,  TB ,  TFF 
CCNMCN  /CISPER/TS1GV(6,2I  ,tSIGH(6,2I  ,TPE ANHI6, 2 ) , 

♦SS1GV17 ,2),SSIGH17,2) 
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CCPMQN  /CEFA7ENGPX.SSN0MX  ,S£NC“N, TAR TM, S ARTM, T VEL , 
*<VEL,DEFV7S( 2) 

CCMON  /«LPEFT/GAP“A, DELTA 
C  CPPCN  /ICUT/TSUFV.IFRINT 
R£A0(5,ECCt  IPPINT 

RE  ACC  5  ,«ICI  SFCMAX.'POf'IN  ,HTMA  X,  rtTH  I  N ,  hi  0 
PEA0C5 ,5  1C )  TTS 

REACTS, 520  TENGPX, SENGPX  .SENGPN 
RE  ADC  5,510  T  A  FT  «  ,  S  A  STM  ,  T  '.EL  ,  S  VEL 
REAC(S»52C)  (CTSIGvCI.J)  .  1  =  1  ,  c  )  ,J=i  ,  2) 

REACC5, 5  3C I  C  C  TS  IOC  I  .  J  I  .  !=  1 , 1 1  «1 ,  2) 

PE  AC  (5, 530  C  IT*  t  A,\M  I  ,  J  1  ,t*l,fc),J=I,2) 

REACT  5, 5  2C  )  (CSSIoV(I.J)  .  I »i  ,  T »  , J  =1 , 2 1 
R  E  ACC 5  ,  5  20  I  (  (  SS  !G**<  I  *  J  1  «  I*  l,  7  ) « J  =  l,  2) 

PEADI  5 , 550  CCfcFWTSC  I  I  .1  *  1.2  I 
REACC  5, 5  5C  )  C.VIMlIt.m  ,51 
PE  AC (5, SAC)  C  :  IN  ITC  I  I,  I=i  ,2) 

REAOC  5,5(0  (A(!)  ,1-1,2) 

PC  ACCS, SAC)  C8(I)fl~l,0 
REAOCi.ScC)  CnECI  1,1-1,2  1 
PE AC (5,5 7 Cl  GAINL 
REACTS, 57C)  GAPPA  ,  CELT  A 
SCC  F  C  FP AT  (10,111 

SIC  F C P PA T C  1  O.r  6.  2,?X,F4.  1,8  >,FS.  1,7X,F  5.1, 7X.F6.3  > 
520  FCFPAT l  i( A.Pa. 1, UX,e8.1 , ifcX, e6.1 ) 

S3C  FCPPATl  7>  , 7F  10.31 

550  FCPHATC 3 ‘A,F2. 1, 15X.F8. 1 ) 

550  FCF*AT (27X.5F1C.S ) 

SAC  FCFMAT(5(X,rS.5,iCX.F9.5 1 
570  FCFPAT  <i*X,F7.2,12X,F?.l  ) 

RETURN 

ENC 


SC/ERCUTINE  OUTPUT 

***  SUERCUTJNE  OLTFLT  FRCV10ES  AN  INPUT  SUMMARY  PRINTOUT  RASED  UPON 

THE  DATA  RECEIVED  BY  SL3R  CUT  1 NE  DATA  IN.  A  PRINTCUT  CF  DISPEkSICN 
CATA  GENEPATEC  AS  A  RESULT  of  CAT  J  SUPPLIED  IS  ALSC  PROVIDED 

COHMCN  /AHPH/1LC  5) ,WB( 2)  ,  AC  2 J  ,  cC 2 ) , I  TE  ,  I SE  ,RD , H V  I  NT C 5 )  ,W I  0  , 

•  TEW, DINITC2I  .GAINL,  InSTAT  (51 

CCPMCN  /CI2PER/TSIGVC  c  ,2  )  .TS1GHC6  ,21  , T  PE  ANH  (6,2)  , 

•  SS1GVC  7  ,<  )  iSSIGHI 7,2) 

COPCI  /ENG*/  SPCMAX.SPDP  IN.HTPAX.HTPtN. TTS.TAA, TB.TFF 
CCPPON  /CEF/  TENGPX.  SDNGPX  ,5c  NC  P  N,  TAR  T  M  ,S ARTM ,T  VEL  , 

•  S'.EL.DEFFTSC  2  I 

CCPPCN  / SUPEFT /GAPPA , CELT  A 

*****  INPUT  SUMMARY  PRINTOUT  •»*** 


WRITE! U. £311  G  4  IN  L 
hR  ITE(<>.  <221  GAMMA, CEUTA 


*****  OISPERSICN  CATA  PPI NTQLT  ***** 

IDISP*! 

I?  (IDIEf.Eg.O  RETURN 
WR  I T  E  (6  ,6  33  I 
WRITE <6, 6 24  1 
CO  55  1*1, t 

WRIT  E  Ifc ,635  )  TSIGVII, l  1,TSIGV( 1,2 »,TS IGH< 1 , 1  I , T SI  GH  ( I  ,  2 )  , 

♦  TMEAMHI I  ill, TMEANf ( 1  ,2) 

55  CONTINUE 
WRITE! *  .634) 

CO  56  1*1,7 

WRITE  It, 637  I  SSIGVI I,  1 1,SS IGVI 1,2  )  ,SSIGH( 1 ,1)  .SSIGHII  ,21 

56  CONTINUE 
WRITE! S ,  £2  6) 

«R  iTE(  S  *  6251 

£10  FORMAT  I »  )•  .1*  ,  •*»  INITIAL  SHI R-TC-SH  CRE  PHASE  INFORMATION  **•) 

tl2  FORMAT ( /6X.' INITIAL  FORCE  STRENGTH*  I 

613  FCFMAT il>  ,*W JVE* .OX,'!' ,5X,' 2  * ,5X,'3  5X.  '4', 5X, ' S'  1 

<14  r CROAT!  1>,  »L  VA  *.  5  (  2X,r4.  I  II 

611  f  CRMAT  (  /  lx,*  CSF.  TANK  ASSETS  =  *  .  IX, F  i.  1,  5X, 

**OEF.  ATOM  ASSETS  *',1X.F4.1> 

415  FORMAT  |  /  in,  'LVA  ENGR  SPECS') 

£16  FORMAT U  X.'SPCNAX' ,2X, 'SPCMIN '  ,2X , 'HT«AX', 2X, * HTMIN • , 3X, • W I 0 • 1 
£17  FCFMATt2X»F5.2»3X»F;.2»3X  .r5»2»3X,F4.2,2X,F4»2l 
cl8  FORMAT ( /lx,' DEFENSIVE  TACIICAL  PARAMETERS') 

£ lc  FORMA  Til CX,'  RANCE*  ,4X,'AIN-RELCAC',3X,  'PPCJECTILE'  ) 

6  2L  FORMAT  I 2>,  'MAX  •  ,2X . '"IN'  ’X1  .TX,' VELOCITY*  ) 

£21  FORMAT ( 1>,  'TANK' , IX. Ffc.l, «X, F 5.2,  7X, F6.2 ) 

£2?  FORMAT  II »,*ATGM'  ,1X  ,Ft.l  ,  lX,F£.i,2X,  F5  .2 ,7X,F6 .2  ) 

423  FORMAT  (/,  IX,  'CERettS  IVE  ~ACTICAL  ALLOCATION  WEIGHTS:', 

♦/.IX.'oAVE  I  *  •  ,  F5.2,  IX,  **4  VS  2  *  '  ,  F5.  2  1 

424  FORMAT! /lA.'OERSNS’V;  FORCE  bTIRITICN  COEFFICIENTS') 

£25  RPR “at  <SX, 'ALPHA',.' ,10X,  *  SET A ’A' » 

tit  R0FMAT(1X,'0T«  ,ex  ,  FT . 5  i  3  X  .FT  .  5  ) 

£2?  FORMAT!  IX, 'OS' ,ex,F7.  5,FX ,F7. 5) 

£2S  <•  ORMAT!/,'  a'.vEC  FIRE  ATT  =  !t;C‘.  PATE  COEFFICIENTS  FCR', 

*/,'  DEFENSIVE  Taf,K  £SC  ATOM  ASSETS') 

*2S  FOFMAT(/IX,'we£TA(i)=',F7.5,lx,'^3ETAI2)=',F7.5) 

630  FORMAT  i/lx,'  BREAKPOINT  ASSUMPTION:  3  «  2  M  TOTAL  DE  F  FORCE)') 

£31  ) ORMAT l /  ,1X,  'DEFENDER  ATTRITION  LEVEL  ALLCWiNG  CCP  LANC  COMBAT', 

* / ,  IX.F5.2, •* (TOTAL  DEFENDER  FCFCSI'I 
632  FORMAT ( /IX,* ARTF  SUF  CACT  Cfi*  ' ,?5.i,2X,  'ERROR  SUP  F AC  TOR* • , F 5 . 1  ) 

622  f CRMAT! / IX, 'DI 'PERS1CN  JA’A*/) 

<34  FOFMAT (3X, 'RanCE' , 2X,'TS ICV  , IX, 'RANGE', 2X, • TSIGH'  , 

*2X, 'RANGE'  ,  2  <  ,  'Tf’EANH'  I 

435  FORMAT  (1X,F7.1,2X,F5.I,1X,FT.I,U,F5.I,IX,F7.  I,IX,F5.1) 

636  FORMAT ! /3X.*  = AHGE* ,2X, *SS  IGV' ,2X, *P ANGE* , 2X,  ' S  S I GH '  ) 

627  rGRMAT! lX.FT.I  ,2x,F5.1 ,1 X  ,F7,1  ,IX  ,F5 .1  ) 

<38  format!/, •  Current  statos  cf  wave  i  variable  definitions’,//, 

*•  C  -  NO!  ENGAGING', /,'  1  -  LANDED’,/.'  2  -  UNDER  FIRE  BY  A  TGM ' , / , 
*•  2  -  UNGER  FI0£  TANK',/'  «,  -  UNDER  FIRE  BY  BOTH  ATGM  £  T£,m<'> 
635  FORMAT (•  1 ',' *****  THE  SH I f-TO- SHORE  PHASE  BEGINS  v*»»v'///| 

RE1LPN 

ENC 

SL8R0UTI NE  PHIT(PANGE,W,b  ,IWRN,SUPFAC,PRHIr) 

***  GIVEN  THE  RANGE.  WIDTH  ANC  HEIGHT  OF  A  TARGET,  AS  WELL  AS.  THE 
TYFE  OF  WEAPON  EEING  USEC,  SUERQUT IN  E  PH  I T  COMPUTES  THE 
PRCtJABI  L  I  TY  CF  A  HIT 

CONON  /AMFH/IL(51  ,WE(2I  ,/(2  1  ,E!2  >.I  TE.ISE.RO,  WVINT!  51  ,wIO, 
*T8W,DINIT(2I »GaINL»1wSTaT 15) 

CCMMCN  /USPER/TS1CV!6,2  1  ,TSIGH!6,2I  ,  TME  ANH!  6,  2  1 . 
*SS1GV!7,|),SSIGH(7,2) 

CCMMON  /SLPEF7 /GAMMA, DELTA 


C  ***  IWRN  COCE:  TANK  *  1 


A  TGM  *  2 


no 


noon  non  onnn  r*  o  o  onnnnnnn 


«**«*  V  A?  I  181  E  CEFINITTCNS  ***** 

TSIGH  -  The  STC  CEV  ERROR  IN  TH£  HORIZONTAL  POP  TANK 
TSIGV  -  THE  STC  CEV  ERROR  IN  THE  VERTICAL  FOR  TA\K 
TMEANH  -  T H?  E  IAS  ERROR  IN  THE  HORIZONTAL  PCR  TANK 
TMEANV  -  THE  BIAS  ERROR  If  THE  VERTICAL  PCR  TANK 
SS IGV/SS  1GH  -  SIMLA*  INTERPRETATIONS  FOR  THE  ATGK 

P  !  *ARCC  $ (-  I. C) 

IF  (RANGE  .LT. 25  .  )  S  TCP 

IF ( I  wFN.EC. 1  )  CO  TO  50 
***  ATCM  FIRING  DATA  CCMFwUT  IGNS 
W  M  E ANH  =0  .0 
WMEANV=C.C 

CALL  INTFF (SSIGV .FANGE .„S  1GV,  7  I 
CALL  INTf PIS  SI CV.R ANTE .«S  IGH. 7  I 
*o*  TANK  FIRING  OATA  C  C  f  f  U'i  T  1C.N  $ 

50  Wl  N  E  AN'V  =  C  •  C 

CAvl  i  N T  F  ?  (7  M£  f  Nr  ,  S  AN c ,  «  *E AN H  ,6 1 
CALL  INTFPIT SIC  V  .RANcE  ,*S  iGV  ,4  I 
CALL  INTFP(TS  ICH,RAN'..£  ,rfS  IGrt,  4) 

***  CCNVERSICN  TC  ml: 

100  Z*AR SIN (H /RANG El 

WS  IGV=hS  1GV«(  1  .»CEL7  -*-*SUP  FAC) 

W‘IGH  =  WS  lGH*  (  1  .♦CtLTMSLPfACI 

tcth=(Z'*cacj.oi/<  i.z-o:y 

TGTh-(  APS  INI  At  RANGE)  !  •»  ( 6*.  CO.  C  /  ( 2 . 0*P  I  )  ) 

♦  **  INSTITUTE  NOF«ALITv  ASSL'MCTICNS  tQ  COMPUTE  HORIZONTAL 
AND  VERTICAL  HIT  f R Q c A E I L  IT  I  E S 


C=-1.0»SCRT< 1./2. ) 

HCF1=(  (  TC-TW/2.  l-mfEANHi/WSIGH 

H0P2=(  (  (  -l.O-MCU)  /  2  -  0 1  -  -.fEANH  | /W  SIGH 

FHITX=1.C 

IF(ABS(HCR1I  .GT.E.)  0 •_  C  60 

PHlT*»c.5M  ERFC  (C*h'c  1  !-E  =  FCIC«h0R2)) 
60  VES1  =  (  (  T07F/2.  )-»YEANV).wSIGV 

V£R2*<  (  (-1.0MG7M  /2.  I  -  hMEAN*  I  /  WS1GV 
PHTV«1.C 

IF(idS( VEPII .GT.e. I  00  C  70 

PHI  TY*C.5  ■*(  SRrC(C«'/£R  1  )-e  :  FC  (C  »VE  R2  )1 
70  FFHT  =  PHITX*PH  ITY 
REURN 
ENC 


SUBROUTINE  INTRP (>  .ARG.VAL.N  ) 

***  subroutine  intrp  is  4  check  subroutine  to  insure  that  range  of 

TARGET  ANC  0 1 SPEF-S ICN  AF.£  CO^A  TABLE  FOR  PROBABILITY  CF 

HIT  COMPUTATION  If.  SUBROUTINE  PHiT 


C 


CIHENSICN  X(N,2I 
WRITE (6  ,4  CO )  AFG 
IFIAPG.LT. Ml.lli  GC  TC  20 
CO  10  1=1.  N 

IFIARu.GT.XII-wl.il  )  GO  TC  10 
0  IFF  =  X  (I+i,  1I-»H.  1  I 
DELTA® AFC -X (1,1) 

VAl  =  X(  I,2)w(CcLTA/CIFF!»(Xl 1+1  ,2)-X<I,2II 
RETURN 
CCNT  INUE 

I  F (ARG. G  T . XI  N , 1 ) )  GC  TC  2C 
VAL  *X  ( N  ,2  ) 

RETURN 


20  WP  ITE  (6,410 
STCP 

30  W  F  I TE ( 6 , 42C ) 

4CC  FORMAT ( 17  , 'ARG***»*  =  '  ,  FI  0.3) 

610  FORMAT!'  ERROR  IN  INTRP  A RG. GT . X< N, 2  )  •  I 
42C  FORMAT!'  ERROR  IN  INTRP  A  f  G.  LT  .X  I  1 ,  1  )  •  I 


SUBROUTINE  RATE (RANGE. SPEED,  IWFN, SUP  fAC»  ROc ) 

***  G1UEN  THE  RANGE  AN C  SPESC  OF  t  TARGET  ALCHG  WITH  THE  TYPE  OF 

fcEAPCN  BEING  USEC  TC  FIRE  UPC. N  THE  TARGET  AND  THE  SUPPPESSI CN „ 
FACTOR  THE  FIREft  IS  BEING  SUBJECTED  TC,  SUBROUTINE  RATS  COMPUTES 
THE  RATE  OF  FIRE  USEC  AGAINST  A  PARTICULAR  iARGST. 

CCMMON  /CEF/TENGMX.SENGMX  ,SENGMN,TARTM,S AUTM.TVSL ,SVSL 

CCMMC N  /SCPEFT/CAMMA.DELTA 

RCF=C.O 

{ F < RANGE .IT. 25 . )  RETURN 
IF<  IhFN.EO.2)  CC  TC  10 

IF  ( RANGE. GT.TENGMX I  RETURN 

TRTM=1AFTM*<1.0*CAMMA*SUPFAO 

CT=TPTM.RANCE/(TvSL*S?CED) 

PCF  *1 ,0/CT 
RETURN 

10  IF(RANCE.CT.SENCMXI  RETURN 

IF (RANGE. UT.SENGMNI  RETURN 

SRT  M=  SARTM* il*Q+CAl**A*SUPPAC) 

OT=$RTM  +  RANGE/'(SVEU  +SPEEDI 
RCF  *  1. 0/C  7 

RETURN 

ENC 


♦**  IN  THE  FUNCTIONS  Hl.SPO,  (NO  PNG,  TH E  ARGUMENT  T 
IS  THE  TIME  SINCE  THE  WAVE  BEING  AOORESSED 
CROSSED  THE  50C0  METER  CFFSHCRE  HARK 

ccnmonC/engr/Tspcmax,$fom  in, htnax ,ht  m in, tts.taa.tb, TFF 

1FIT.GT.TAA>  GC  TC  5C 
SFQ  =  S  f  CMAX 
RETURN 

50  IFlT.GT.TE)  GC  TC  ICC 

SPO-SfCvr,V+  <  (T6-T  >/TTS  IMSFCMAX-SRCmIN) 

RETURN 

100  SF[=SPOMIN 
FETUPN 
ENC 

FUNCTION  M7(T)  „  , 

CCMMCN  /SNGR/  SPCMAX.SPOM  IN,HTMAX .HTMIN, TTS,taa»T3,TFF 
If<T.GT.7AA>  GC  TC  50 
H 7=W7NAX 
RETURN 

50  IFIT.GT.TE>  GC  TC  1 00 

HT=H  T M  IN+ ( ( TB- T 1 /TT  SI  * (HTMAX-HTMI M 
RETURN 

ICC  H 1 *HTM  I N 
RETURN 
ENC 

FUNCTION  RNG(T) 

COMMON  /AMPH/  1L(  5  J,WB(  2 )  ,  A  t  2 )  ,  6 1  2  > ,  I  TE  ,  I  SE  ,RD ,  WV  INT(  5  J  ,WJ  D  , 
f  T6  k,OI  N  2  T  (2 )  tG  A1  M  ,  I  wS  TAT  IS) 

COMMON  /  ENGR /  SPCM AX , $PDM  IN, HTMAX ,HT MIN, TTS , TA A , TB  , TFF 
lf<T.GT.7AA»  CC  TC  5C 
RNG*5  C  GO. C-(SFCMAXyT) 

RETURN 

50  IF(T.GT.TE)  GO  TO  100  ,  ,  _  „ 

PNG«RC-C.5*(T-TAA J*<$PCMAX*$PD(T>  > 

RETURN 

100  FNG*RO-(  (  (TB-T  fAI/2,0 )*(  S  fQM  IN  +SPDMA  X  > >-<  (T-T8  1*SP0MN ) 
1F1RNG.LT.T5.)  RN6*0. 0 
PE7URN 


SUBROUTINE  GRCUNC<GATM,TSLRV,IPRINT,  TTS) 

C  ***  UIS  IS  THE  PRIMARY  SUBROUTINE  CF  THE  LAND  COMSAT  PHASE  OF 
C  THE  AMPHIBIOUS  CFEPATICN.  1  N F CS M AT I CN  REQUIRED  F  C  R  The  OPERATION 

C  CF  THE  LANC  CCMEAT  PHASE  IS  0 E AO  IN  AND  PRINTED  IN  A  SUMMARY 

C  T  ABLE  F  C  F  USER  REVIEW.  THE  INFORMATION  PROVIDED  BY  ALL  CTnER 

C  SO  EROl/T  I A  £S  USED  IN  *H£  LAND  CCMft AT  PHASE  ARE  USED  IN  THIS 

C  SUBROUTINE  AS  INPUT  TO  THE  BASIC  LAND  COMSAT  A  LG  CP  I  THYM 

R{A0*8  CSEEO 
REAL  TSLFV.TTS  ,P  1=  > 

COMMON  /CRP1 /  IPRCIR<6».  I  IECWCI6I  .MVTOIR (6) ,X<6I  , Y(6  I  .SPD(6  I 
COMMON  / GR  P2  /  TA(21 .  Ti(2l  ,Th(  21  ,TM<  ’  » ,TF1<2> ,  7<=2f  2t  ,TF3(2  I  , 
*P(2,6I  . PHHI2 ,6  I ,FHM (2,6)  ,  f  Km  (  2  .6  )  ,  T  F  (  2  I 
COMMON  / GRP3  /  NSU.NWUt  r-L  I  1 1  ,  F C lo I .NO i i 3 1 . XIC ( 3  ,200  i  ,  Y IC { 3 , 200  I  , 
*ICIR(3,2CC>, AVSf ,  ISPS 

*,  IUSTATI t  l,I!<t!,LCS7(6,fct.VISFRA,VISFRB,SIZSTK, 
*SI2ETW,NTI6>,NF(fc).SPF,DI!MAX, 

♦MCSC16  ,6 I  ,V ISFR<6,6 ) , RM INTK.PVXTK,  A M IMT W , RMX TW , OP , TOW FR , L VAF R , 
*PTT(3,31  ,RF,PCA<fc,tl  » A  FG  A  16,6  I  .LGAlo  ,6  I . NA(6 ) , CFL 16 > , PCI  I  6 ) 

COMMON  /CRPR/  TPCLI 6 ) ,CLDC< 6, t ) ,0(6, 6) 

COMMON  /CRF5  /  LGI  16  ,fc)  .RCKo.c  ) 

COMMON  /HILL  S/  XC ( ICO)  ,YC  C IOC  >  •  PS AK < 100 1 . SX < 100 <  , SY ( 100  I , RhC ( 1 00  I 
COMMON  /HILLS/  S C AL E (1 00 1  ,ThC F HC<  100  ) , TWOSCL ( 1  DO )  ,  S A SS 
COMMON  /HILLS/  NFIlLS 

common  /CCVE  R/  CXCI 1501 ,C  NC (  15  0 ,CPE AMI 50) ,C?XX (1501  ,CPYY (150! 

COMMCN  /COVER/  C? X Y < 150 ) , NCV EL S 

COMMON  /COUNTS/  K  H  ,KH  W  ,K  V  ,KN  ,  KGRS  .  KE  l  L  ,K  I  NT 

COMMON  /GRID/  LST(IO.IC)  ,  MHL1  1C, 101  ,L!STHl<,50>  ,XHR  =  P(1C0)  .KTREP 
COMMCN  /CRIO/  L ST C ( 10 , 10  )  .NC (10 , 1 0 ) , L I  ST C ( 400 ) , K CR E P ( 1 50  I 
COMMCN  /GFP6/  ALPHA! tl 
COMMON  /GRP7/  XA < t  I , YA (6 ) , IMO V£f 6 > 

C***  INITIALIZATION. 

C  ***  VARIABLE  OEFINI’ICNS  **■*•*« 

C  eL  -  INITIAL  CE^ENSIVE  cCFCE  LEVEL 

C  RL  -  INITIAL  AGGRESSOR  FCFCE  LEVEL 

C  2L  -  ZERO  LEVEL 

ei=o.o 

PL*C. 0 
MP  =  0 

FAI=3.  1MSS 
ZL». OOCC 1 

c 

c***  REAO  TERRAIN  DATA  FOR  LINf  OF  SIGHT 
C***  CHECK  FCF  STOCHASTIC  OR  DETERMINISTIC  ATTRITION 
C  ITR1T-ATTPITICN  MODE  1=  C  E  TER  MIN  I  ST IC 

C  0=STCCHASITIC 

C  OSEEC-DOUBLE  PRECISICM  SEED  NUMBER 

C  Pp  ANO  CC  ARE  the  seta  D  I STP  I3U  T I  2.4  PARAMETERS  FOR  DEF  UNITS 

C  PD  ANO  CO  APE  THE  SETA  DISTRIBUTION  PARAMETERS  FCP  ATK  UNITS 

C 

FEAC<9,5CC)  ITRIT  ,CSEEC 
READ! 9 «  £  C 1J  PP,QC 
CC  5  1=1,3 

CALL  GG8T9  I CSEED ,PP, 0 0, 1  * R I 
ALPHAU)=R(  1) 

5  CCNTINUE 

REAOI 9 ,500)  ITRIT, CSEEC 
PEAC(9,501)  PC.CC 
00  6  I =  4 ,6 

CALC  GGBTR  (  C SE SO ,PD, 00, 1 , R » 

ALPHA  ( I )=  P ( 1 ) 
t  CONTINUE 

<***  READ  IN  NUMBER  CF  ATTACK  AND  CEFENSE  UMTS 
C  NBU  -  NUMEEP  CF  DEFENSIVE  UNITS 

C  NR U  -  NUMBER  CF  AGGRESSCR  UNITS 
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c 

c*** 

c 

c 

c 


c 

c*** 

c*** 

c 


READ(9,5C2)  NBl.NBU 

INITIAL IZE  WEAPCN  SIZES 

SIZETK  -  SIZE  C*  IV  A  WEAPCN  SYS  TEH 
SI  Z  ETW  -  SIZE  CF  TOW  HEAFGN  SYSTEM 

<IZETK«2.5 
SIZETW-2.I 

BEAD  IN  EFFECTIVE  WEAPCN  fANGES 

RM  INTK  AMC  RMXTK  ARE  MAX  AND  MIN  RANGES  OF  LVA  MOUNTED  WEAPON 
RMINTW  AN C  RMXTW  FCR  max  AND  MIN  RANGES  CF  TQW  DEFENSIVE  WEAPON 

REACI9, 5C2 I  RM  INTK .RMXTK , FMJ NTW.R MXT W 

C***  INITIALIZE  PM.PF  ,TCwFR ,LV APR  ANC  NOD 

C  FM  -  FFCPORTICN  CF  TIME  A  MOVING  UNIT  IS  SEARCHING  <=09  TARGETS 

C  RF  -  DETECTION  RATE  RECLCTICN  FACT  GR  FOR  A  FIRING  UNIT 

C  (  IN  COMPARISON  TO  A  NCNrIRING  UM’I 

C  i u Wr  R  -  F  i  S I NG  RATE  CEF  IiN'O  ING  TCW*  WEAPON  SYSTEM 

C  LVAFR  -  FIRING  RATE  ATTACKING  LVA  WEAPON  SYSTEM 

C  NOO  -  NUMBER  OF  TIME  INTERVALS  UNIT  I  DELAYED  IN'  MOVEMENT 

C  (TOO  FAR  IN  FRONT  OF  OTHER  JM7S  I 

C 

PM*  .352 

PF*.5 

TOWFP..C3 

LVAFR*. i 
NOD  *2 

00  10  1  =  l.NRU 
NOI (  I  1  =  125 
10  CONTINUE 
K*  NRU  + 1 
L  *  NRU+-N  E  t 
CO  15  1=1, L 
III  I >*C 
15  CONTINUE 

C***  READ  IN  FORCE  LEVELS  CF  EACH  AGGRESSOR  UNIT 
C 

ISURV=  INTCTSUPV/NRUl 
CC  20  1  =  1, NRU 

FLCI  i*FLQAT (ISUFV) 

20  CONTINUE 
C 

C***  CHECK  FOP  TYPE  CF  ROUTE  OE TERM  I NI T ION 
C 

RE  AD (9 , 5  04 1  IBTE.ISPC 
C  *****  VARIABLE  DEFINITIONS***** 

C  IRTE  -  CENCTES  WHETHER  USER  WANTS  TO  INPUT  ROUTES  OR  NOT 
C  0  -  FFGGRAM  DETERMINED  ROUTES 

1  -  LSER  DETERMINED  ROUTES 

-  INPUT  VARIAELE  TC  OENGTE  USER'S  CESIRED  SPEED  FOR 

1  -  9  MPH 

2- 12  MPH 

3- 15  MPH 
4  —  ]  6  MPH 

AGGRESSOR  FORCE  MOVEMENTS 

-  AVERAGE  SPEED  CF  ACGPESSCR  FORCE  MOVEMENTS 

-  01 S T ANCE  IN  METERS  TO  3E  MCVED  EACH  TIME  STEP  BY 
AN  ACCRESSCP  UNIT 


I  SPD 


AVSC 

CST 


FUSPD.Eg.il  AVSP«S.O 
FUSPO.EC.il  CST  =  *0.232 
F  ( I  SPD.  EC. 2  I  AVSF*12.0 
FtISPQ.EC.2)  C S" *5 2. e 43 
FUSPD.EC.3  I  AVSP*15.0 
FUSP0.EC.31  CST *t7«  053 
_F ( ISFO. EC.4  I  AVSP  =  13.0 
IFUSPD.EC.41  C S  I  =  80.463 
C 

c*>«*  RE  AO  IN  INITIAL  ACGPESSCR  LNIT'S  LOCATIONS 
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mcinnAon^n  nnnnnnn  nr»or>rvnr»nn/>nnnn 


c 


CO  25  1*1, NRU 

BE AC  1  5 , 50  6 )  XIC(I,1),Y!C(  1,11 
25  CONTINUE 

IFIIPTE.EG.1)  CO  TC  250 
00  30  1*1 «NBU 
DC  20  J*  2 « 1 25 

YIC(I,JI*V!C(  1, J-il*CST*U-  11 
XIC  <1  .J1*XIC<  I,  J-lMCSTMJ-1) 

IDI  Rl  I  * Jl *C 
30  CONTINUE 

GO  TO  255 
250  CALL  ROUTE 
255  SUNRO*O.C 

*****  state  variable  definitions  ***** 

FL  < I »  -  FCRCE  LEVEL  CF  UNIT  I 

SUMPC  -  TOTAL  AGGRESSOR  FCRCE  LEVEL 

MVTOIRl  I  I  -  MOVEMENT  0!°ECTICN  CF  JNIT  I 

ICJRII.J)  -  DIRECTION  CF  THE  UTH  INTERVAL  IN  THE  ITH  ROUTE 

IUETAT(I)  -  CURRENT  STATUE  UF  UNIT  I 

0  -  UNIT  ALIVf  A  A  C  NOT  FIRING 

1  -  UNIT  ALIVE  AnIC  FIRING 

2  -  UNIT  OES.TfCYEC 

2  -  UNIT  MOVING 

NF(  I )  -  NUMBER  CF  TINE  INTERVALS  UNIT  1  IS  ALLOWED  TC  FIRE 
AT  SANE  LOCATION 

1111)  -  INTERVAL  INDEX  FOR  UNIT  I 

OC  25  1*1, NRU 
F0( I  1*FLl  I) 

5UMRC  * SUMRC  *F0 ( I ) 

XII)*>IC( 1,11 
Y(  I  )  *Y  ICl  1,11 
MVTOIRIII *ICIfi<I,ll 
SPDI  I  )  *AV  SP 
IUSTATlI)=0 
IPROIPIII 'ICIRlI.ll 
ISECwDl 11*120 
NF(  11*1 
IK  I  1*1 
35  CONTINUE 

***  READ  IN  OFFENSIVE  UNIT'S  LCCATICN3 

STAtE  VARIABLE  DEFINITION'S  ***** 

IPRCIF  III  -  PRINCIPLE  CIRECTION  OF  FIRE  FOR  UNIT  I 
ISECWCIII  -  WIDTH  OF  SEARCH  SECTOF  FOR  UNIT  I 
SUM8C  -  TCTAL  CEFENSIVE  FCRCE  LEVEL 

SLMBC*0.0 

CC  AO  I  *  K » L 

READ  IS,  SO  7)  XI l),Yl II ,  ILl I)  ,  IPRDI FI  I) ,ISEC«Ol  1) 

FOl  I  l*Fl( I l 
SUM0C*SUMeC  +  FO ( I  I 
MVTDIP  III *C 
SPOl  I  1*0.0 
lUSTATlIl *0 
IMOVE  II )*C 
AO  CONTINUE 

***  CUCK  FOR  ALTERNATE  DEFENSIVE  POSITIONS  AND  READ  IN  IF  WANTED 
*****  STATE  V  AP  I  AfiL  !  DEFINITIONS  A  **** 

I  ALT  -  INCICATES  IF  AL  f SR  NAT  E  DEFENSIVE  POSITIONS  DESIRED 
0  -  YES 
1  -  NO 

BREAK  -  CLOSEST  DISTANCE  ALLOWED  3ETWEEN  OPPOSING  FORCES 
BEFORE  BREAKPOINT  REACHED  FOR  PROGRAM 

ITEM  -  NLMEE R  CF  TIME  INTERVALS  ALLOWED  FOR  DEFENDER'S  MOVE 
C  TC  THE  ALTERNATE  DEFENSIVE  POSITIONS 

C  TAIKI  -  TIME  TO  ACQUIRE  A  TGT  FOR  KTH  «£APON  SYSTEM  TYPE  (K  * 

C  TllK)  -  TIME  TO  FIRE  1ST  FOUNO  AFTER  TGT  ACOUIRED  eY  KTH  w£AP 

C  TMK)  -  TIME  TO  FIRE  A  RCLND  FOLLOWING  A  HIT  FOR  KTH  WEAP  SYS 

C  TMK  I  -  TIME  TO  FIRE  A  ROUND  FOLLOWING  A  MISS  FOR  KTH  WEAP  SYS 


nnnnnnnoor\nnnnr>  onnn 


TFUKI  >  TIME  OF  FLIGHT  FCR  KTF  WSAP  SYS  PROJECTILE  TO  1000  METERS 

TF? I K)  -  TIME  OF  FLIGHT  FCR  KTh  *EAP  SYS  P«OJECTILE  TC  2000  METEFS 

T F2 ( K)  -  TIME  OF  FLIGHT  F CR  KTH  HEAP  SYS  PROJECTILE  TO  3000  MFTEPS 

REA0<9,*Cei  lALT.eREAK.I T£M 
lfdALT.fC.l  I  CC  TC  260 
00  A  5  I  *K » L 

REACI9.506)  PA  d  )  t  Y  At  1 1 
45  CONTINUE 
26C  CELT-10. 

TA  UI-2C  . 

T 1  (11-3. 

TH< 1 1-S. 

TM(  1 )- 10  . 

TF 1 ( 1 ) =1  . 

T  F2(  1 »  *  1  • 

T  F  2  ( 1 1  *  1 . 

TA (2 1 -20. 

T  1  (2 )  =  a. 

TH(2t  =  8. 

TM(2I»1«. 

Tf  1(21  =  10. 

TF2(2I =12. 

TF2<2>=1*. 

***  RE  AC  IN  FIT  ANC  KHL  FFC  9  A  £  I L  I  T  IES 

«**■**  S-ATE  VARIABLE  DEFINITIONS  ■***•«* 

Pd.JI  -  FPG6  1ST  RCUNC  HIT  BY  UNIT  I  IN  RANGE  BANO  J 
FPHC.J!  -  PRCE  OF  HIT  FCLLCV.EC  BY  A  HIT 

PFM(I.J)  -  PRCE  CF  HIT  FOU.QV.cC  BY  A  PISS 

PKHd.J)  -  PRCE  OF  A  KILL  GIVEN  A  HIT 

PTTd.JI  -  PRC  POR  *  ION  SURVIVING  FIRE  PCWER  ALLOCATED  TO 

I  TF  TAFGET  IF  J  TARGETS  ARE  AVAILABLE 
NLCSCI  I  « Jl  -  NL.-EEF  CF  CONTINUOUS  T  I  PE  INTERVALS  TfAT  A  LINE  OF 
SIGM(LCS)  OCES  NCT  EXIST  BETHEEN  UNIT  I  A  NO  UNIT  J 
Od.j)  -  FPO GAEIl  1TY  UNIT  J  NCT  DETECTED  BY  UNIT  I  AT  CURRENT  TIPE 
V  I SFR ( I  .  J  I  -  FPACTICN  CF  FEIGHT  OF  T GT  J  VISI3ILE  TO  FIR2R  I 
IRAN  -  RANGE 

CO  55  1-1,2 

cc  5c  j»i.e 

RE  AC  (9, 5  09  l  P(  I,  Jl.FHHI  I,J),PHM(I,  Jl.PKHII.J) 

50  CONTINUE 
55  CONTINUE 

PITd  ,1  |  *1.0 
PTH  l,  21-C.  J 
FTT (2 , 2  )  -C.2 
pnu,3i  *C.B 
PTT12.3I-C.15 
FTT (3  .3  t  *0.0 5 
CO  60  1  =  1, NR U 
CO  6C  J=K , L 

NLCSCI I  ,  U I =0 
NLCSCI J, II =C 
01  I,JI =1.0 
Ql. .11-1.0 
V1IFRI I  ,J)-C.O 
V  ISFRI J,  II-C.O 
6C  CONTINUE 

c  1C*1 

c**«  PRINT  I NI  1 1  At  BATTLE  INFORNATKN 

'  WRITE  16 ,6C0) 

WRITE!  6.4G1I 
CO  65  I  *  1 , L 

WRI  T  E  I  c  ,6  03  )  I  ,X(  I)  ,Y  I  I)  ,FL  (I) 

65  CONTINUE 

IFIITRIT.EO.il  GC  TC  265 
WRITE (6, 6 04) 

GO  TC  270 
265  WRITE <6, 605 1 


1  16' 
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27C  IF  KRTE.EC.O  I  CC  TC  275 

WR I TE ( 6 ,6 C6  I 
275  WRITE(6,6C7)  4  VS  F 
WRITEifc.fCE)  8FEAK 
If (  IALT.EC.0  )  GC  TO  2eC 
WRITE  (£.609  ) 

GO  TO  2 E5 
280  WR  I T E ( 6  >  610 
CC  70  I<M 

WRITE  (6.611)  I  ,  X A ( I  I  ,  Y  A (  I ) 

70  CONTINUE 
265  IRAN*50C 

WR  ITE( 6.6  121 
CO  75  1*1.6 

WRITE (6,6  13)  IP4N.P (1 ,  1) , FHB( i ,1  I  ;  f  HM(1 . 1  > ,  PK  H(  1 ,  I  I 
IRAN* IR.AN+5  00 
75  CCNTINUE 
IRAN*=5CC 
WF  ITSI6 ,61'.) 

00  80  1*1.6 

WRITE (6,6  12)  IPAN.PI2,  II  ,FHH(2,I  I  . PHM (2 . 1  I  » PKH <2 , I  I 
IRAN*  J  R AN  +  5  Cu 
8C  CONTINUE 

WRITE! 6,615) 

WF  ITE( 6,617) 

WPITE( t,61J) 

CM*  UPDATE  LC  C AT I CN  CF  9  =  0  UNITS. 

NF  -  NUMBER  CF  TUE  INTERVALS  JNIT  I  DOES  NOT  FIRE 
NOD  -  NUMBER  CF  TIME  INTERVALS  UNIT  I  DELAYED  IN  MOVEMENT 

D I SWAX  =  5  CCC. 0 
250  OQ  50  I  *  I  ,\RU 

IF(  IU  ST  AT  (  II. EG. 21  GO 
1FIIUSTAT1 I I.EC.O) 

NF(  I  I  *NF  ( I  )  +  1 

IF(NFm.LT.NCO)  CC  TO  9.0 
NF (  I  )  *1 

295  00  85  J  *  1,  NPL 

IF  (J  .EC.  I )  CO  TO  35 

IF  (  IUSTAK  J)  .EC.  21  GO  TO  35 
0 1  ST  *  XIII  -  X(J) 

IF  (CIS-  --  ' 

85  CONTINUE 

II(  I  )  *  II(I) 

K7*I  I  (  I  ) 

X(  I  )  =  >IC(  I » X  7  I 
Y(  I  l*YIC(  I.K7 I 
M VTD  I  F { II *ICI 5 ( I  ,K7 ) 

IPRD IF(II=ICIF (I,K7) 

90  CCNTINUE 

LINE— OF-SIGHT  CHECK  BET*c?N  ONUS  A  NO  TARGE  TS  SELECTION 
*****  STATE  VARIABLE  DEFINITIONS  ***** 

N7  ( I )  -  NUMBER  C=  TARGETS  DETECTED  3»  UNIT  I 
XXI, YY1  -  COCRC I  TATES  CF  UNIT  I  L  CC  A  T I C  N 
XX2.YY2  -  CJCP  C I N  A  TE5  CF  UNIT  J  LCCATIcn 

t  mac  I »  tm  ac  j  -  elevation  c?  umt  I  anc  unit  j 

0,0  -  INCICATES  NO  UMTS  LNCER  GROUND 

SI2ETK,  JUcTW  -  EWE  CF  LVA  VEHICLE  ANC  SUE  OF  TOW  VEHICLE 
LATQB  -  INCICATOR  VARIABLE  FCR  CMc  C R  TWO  WAY  LCS  CALLS 
0  -  CC  NOT  COMPUTE  LOS  F  F  r  M  UNIT  A  TO  UNIT  B 
1  -  COMPUTE  LCS  F  R CM  UNIT  A  TC  UNIT  B 
(YIELDING  VISFP6) 

VISFRA  -  FRACTION  CF  HEIGHT  CF  TGT  AS  SEEN  BY  UNIT  A 
LCST(I.J)  -  INDICATES  IF  ICS  EXISTS  EE7wEcN  UNIT  I  AND  UNIT  J 
0  -  NO  LCS  EXISTS  1  -  LCS  EXISTS 

CO  55  J  *  X , L 
NT ( J)*0 
55  CONTINUE 

CO  105  1*1, NRU 
NT  t  I  ) - C 


70  50 
CC  TC  295 


IF  (CIST  .ST.  JISMAX)  SC  TO  90 
1 
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JF<  IUS7AT(I).SC.2>  GO  10  105 
OQ  100  J*K,L 

I  Ft  lUSTATIJI.EO. i. OF. IUSTAT <J1.  £0.3)  GO  TO  IOC 
XX1*X ( I > 

YYl-Ytl) 

CALL  £LEV(XX1,YY1,  TMaCI I 
XX2=X< J) 

YY  J=  Y  (  J I 

CALL  ELEVIXX2  ,YY2  ,TMaCJ > 

LATOe=l 
LBTOA= 1 

CALL  LOS  (XXI  ,YY1  .  TMAC  1, 0 .0 ,S IZETK , XX2 , YY2, TMAC J , C . C , 
♦SIZETM.LATOB  ,L0TOA  .VISrSA  .VISFFSj 
VISFR(I,J)=VI 'FRA 
V  I  SFF  (J>U-V1  SFRE 
IF  <  VI  SFRA.  C'.  2LI  GGT0300 
LOST (  I,  J )=  0 
LOST  t  J > 1 1 *0 

NLGSC (  I  « J  i =NLO  SCi  I  ,Ji  *1 
NLOSC(J,I»=NLOSC<1,J> 

GO  TG  ICO 

200  LOST (I, J 1*1 

LOST (J ,  I )  =  1 
NLOJCI I , Jl  *0 
NLOSC  < J • 11=0 

RANGE*  SORT  UX  II  »-X  IJII**MV  (  II- Y(  J)  )♦*?  » 

IFIRANGS. LT.RMiNTK. OR. RANGE.  GT.R-X'K)  GC  TC  205 
JFigU.J)  .EQ.l.C)  GO  TG  305 
IUST  AT (  1) =1 
NT  ( I  I  =N  T(  I  )  +  1 
M*NTI1 ) 

LQT(I,M)=J 
RCT( 1 1 M  l=R ANGE 

IF(M.EC.l)  GC  TO  305 
CALL  SORT  (T  »  Ml 

205  IFIPANGE.lt. RMINTW.CR. RANGE. GT.R*XT«I  GO  TC  100 

IF<0< J, I  I . fC.l  .C>  GO  TC  100 
IUSTAT ( Jl =1 
NT<J»  =  N1UM1 
M  =  NT  <J I 
LCT( J.N  )  =  I 
ROT ( J , M  )=R ANGE 
IFIM.EC.l  I  GO  TC  1  CO 
CALL  SORTIJ.m* 

ICC  CONTINUE 
ICS  CONTINUE 

CO  110  1*1, NPU 

IF  (  IUSTATtD.EC.2i  CC  TO  110 
IF  (NT(  I  I.NE.C)  GC  TO  11C 
IUSTAT!  I  1  =  0 
NFII) =0 

110  CONTINUE 

CO  115  J*K,L 

IF< IUSTATI J 1.EC.2.GR.  I LSTAT UJ ,EQ .3 )  GC  TO  115 
I F  i  HT( Jt.EC.O)  1U5T  AT  I  J 1 =0 
US  CCNTINUE 

***  UPCATE  CF  TFE  ACCUMULATED  CETECTION  PROBABILITIES. 


iee*nru 

ICC*K 
I C  C=L 
FF  «  TOWF  F 
OF«PM 

CO  120  1*1,6 
12C  CONTINUE 
2C7  00  135  I»IAA.ieB 

IF(  IUSTAT (II.EC.2.0R. ILSTAT(I).EQ.3)  GO  TO  135 
00  120  J*  ICC  ,  I  CD 
FRO P=C.C 

IF!  1L> ST  AT  ( J  I  •  EO.  2.0 R  .  IUSTAT  ( J  ).  SO.  3  )  GO  TO  130 
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noor>« 


310 

315 


320 

325 

230 

335 


125 


34C 

345 

250 

130 

135 


C 

C*«* 


CONTINUE 
CONTINUE 
IF (  IAA.EG.KI 
FR*=LV  AFR 
I  AA=  K 
IBB*L 
ICC=1 
IDD=NFU 
OP=l.C 
GO  TO  207 


FIRE  ALLOCATION. 


CLCC(l,Jl«Cd  ,Ji 
IFUCSTi  It  J)  .  EC.  C I  GO  TO  350 
IF  (NT  ( I  I.GT.01  CC  TO  215 
FCTVIS*VISFF ( J,  I) 

CALL  LANOAII  .JtPCTVIS«OETRAT»PSUBK| 
CV*EXP I -(OETRAT*OP»OELT*  =  L( J I  I  I 
IF(NT( J  l.GT.Cl  GO  TO  310 
Q ( I  ,  Jl*0< I,JI*JV 
GO  TO  13C 

0P*<1.0“PSL£KI**(FF«DELT*FL(JI  1 
Q(  I,J»*C( 1  ,  J)*(OV«-CP-CV*OPI 
GO  TO  120 
N5*NT(I I 
OC  125  11*1, N5 
K1*L0T  (1,111 

ANG1*AT  AN2 ( V<K1I— Y  CIl.XCKlI— Xtll  ) 
ANC2*ATAN2(  YtJI-YI  I)  ,Xi  J)-X(  I)  ) 

IF(( ANG1*ANC21 .GE.0.01  GO  TO  330 
IFI  ANG2.LT. 0.01  C-C  TO  320 
ANG*2*PA:+ANG1-ANG2 
GO  TO  225 

ang«:*pai*ang2-a\gi 

IF( ANG.GT  .PA  I  1  ANG=2*PAI-ANG 
GO  TO  235 
ANG* AB S (ANG I-ANGl 1 
AA»15.0*PAI/180.G 
IF  ( ANG.  CT.  A  A  I  GO  TO  12  5 
PRCP*PRQF+PTT( I  1,N5) 

CONTINUE 

IF (PRCP. EQ  .0. C  1  GO  TO  345 
I  F  (NT  (  J  l.GT  .0  (GOTO  240 

CALL  LANC  A( I  ,J.  FCTVIS.DETRAT.PSUBK) 
OETR/T=CETRAT*RF 

OV=E>P(- (PhOP«OETRAT*OELT*FL(J1  »  1 
0(1 , J)*C< 1,JI*0V 
,  GO  TO  12C 
0  ( I  ,  J  1  *0  .  C 
GO  TO  130 

IF(  1AA.E0.11  GO  TC  120 
Od.JMl.C 
GC  TO  130 

IF<(UOSC(  I,J  1.LE.31  GC  TO  130 
C(1  ,JI  *1.0 


GC  TC  355 


****■»  STATE  .VAR  IAB^ 


AFCAd.Jl  - 


AVERAGE  PRCF 
ALLOCATED  TG 


DEF  IN  IT  ION  J 
FTICN  OF  TH? 
FIRE  CN  UNIT 


4«*** 

JTH  AGGRESSOR 
I 


OF  UNIT 


25  5  DO  140  I  *  1  ,L 
140  NA(  I  1  *C 

00  155  1*1 ,1 

IF<  ILSTATd  I.  =0.  2.0F.  IUSTAT  (I  ».  E0.3I  GO  TO  155 
IF  (NT  ( I  1.6C.0  1  GG  TO  155 
DO  145  J*1  ,3 

„  APCA (I , Jl *C. C 

145  CGNTINUE 

IF (NT ( I  |. EO.l I  CO  TO  370 
IF (NTt I  1. E0.2)  GO  TC  365 
NGT*  3 

MP1  «  IGT(  I  ,1) 

NN2*  LOT  (  1 ,21 
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MM3*  LOT (  1,3) 

PFOE  *<1 .  C-C< l.MKl  I  )*C< I, MM2  l»Q<  I, MM3 ) 

APOA  (I ,1  )=APOA<  1 ,1) +PTT< 1 ,1 )*PPCe 
PRO  6  =  Q l I  ,MM1 l*<  1.0-0( I. MM2)  )*Q<  I, MM3) 

A PC A<I ,21 *APCA<  1 ,2)  +-PT7  <1,1 )*PPCB 
PROS  *Q< I  ,MM1)*Q  n ,MM2)*f 1.0-C1I ,MM3I I 
AFC A  II ,3  )*APCA<  ],3 ) <PTT(i, 1 ) »PRCB 
PROB*<l.C-C<I.MMl>l*<i.O-Q<  I,m«2i  )*Q(  I,  MM3  I 
AFOA <1, 1  )  =  APCA<  1,1) +PTT< 1,2) *PFC8 
AFQA  (1 ,2  )=APCA<  1,2  I  ♦PTT<2 ,2  )*PFC3 
PRC3*<l.C-0(i,MMU)  *0< I  .MM2  )  *  ( 1.  0-0(1  ,  MM3  ) ) 
APOA  (1,1  l  =  APOA<  1 , 1 ) +P7T (  1,2)*PR0B 
A  PC A  (I  ,3  I  *APCA(  1 ,3) +  PTT (2 ,2  I* P?C 5 
PROS  *0 (  I  »MM 1 )* (  1. C-C( I .mm  2  I  >*( 1.0-0 ( 1  .MM3  I  I 
AFQA  (I ,2  )  *APCA(  1,2) +PTT ( 1. 2  1  *PP0B 
APOA  (I  ,2  )  * AP  CA (  1 , 3  t ♦ P  TT (2  >2 I  * PP C  8 
FFCB*tl.O-Cl  I  ,MM1)  )«(  l.C-0(  I.MM2  (  !*><  l.C-Ot  I  ,MM3)  ) 
APOA  d , 1  )*APCA<  1,1 )*PTT«1 ,3  )  *P«C8 
APOA  d ,2)*APCA<  !  .2) +PTT( 2 ,3 )*PPCB 
APOA  U,3  >*APCA(  1,3) +PTT(3, 3)*PR0B 
260  DO  150  J=1 >  NCT 

KK*LOT<I,J) 

NA<  KI«)  =  NA<KIU*1 
IN  =  NA<  KK I 
LCA(«K,  IN )  =  I 
PCA ( AK,  IN)  =  APOA  (1  ,J  ) 

150  CONTINUE 

CD  TC  155 

265  NCT=2 

MM1*L0T<I  ,  1) 

HM2*L0T (1,21 

PFCB*<1.0-<<  I  ,MMlt  >*Q  (I  ,MM2) 

APCA (  I, 1 )  =  APOA (  1,1 )*?TT( 1, 1)*PR0B 

ppce*c(i ,mi » ( l.o-ot  i.mm2>i 

AFC  A  < I  ,21  *  APCA (  i,2l*PTT(l,i)«PR03 
PFCe*  (1.0-U  I  ,MI»1)  )*<  i.C-0(  I.  MM  2  I  ) 

AFC A <1,1 )* APCA  ( 1, 1 )  +  P TT (1. 2)*PR 09 
APCA (  I, 21  =  APOA <1,2 )*P TT (2 ,2>*PRDB 
GC  TC  360 

27C  NG7=1 

MM 1=LGT( 1,1) 

PRCB*1.0-C< I . EMI  ) 

APCA<I,1I=APCA<I , 1 ) +PTT ( 1,11*  PROS 
GO  TO  26C 

155  CONTINUE 
C 

C***  ATTFITICN  CCMPUTATICN 

*****  STATE  VARIABLE  OEFINITIOMS  ***** 

RANGE  -  CURRENT  MINIMUM  01STANCE  BETWEEN  AGGRESSOR  ANO  OEFENOER 
FOA  -  PFCFCRTICN  CP  THE  J  TH  ATTACKER  CF  UNIT  I  ALLOCATED  TO 
FIFE  ON  LN I T  I 

TFOL  -  TOTAL  PERCENTAGE  LOST  SINCE  START  CF  BATTLE  FCR  UNIT  I 
A  SO  -  AVERAGE  DISTANCE 

SUMR=0.0 
Sl/HB*O.C 
CO  165  1*1, L 

IF(IUSTAT(II.£C.2.0R. ILSTAT(I).E0«3)  GO  TO  165 
M6=NA  <  1 1 
SUM*C.C 

IF  (M6.EC.0)  GC  TO  3'5 
CO  16C  4*1, M6 
M7*L0A  < I ,J I 
IF  (M7  ,LT,K |  GC  TC  375 
I  7TPE  *2 
GC  TO  380 

375  mPE  =  l 

300  RANGE *$QRT<< X < I ) - MM7 ) I* *2+< Y< I ) -Y < M7 1  1**2 1 

IF  (  ITRIT.EQ. 1  I  GC  TO  385 

CALL  STCCH <ITYFE, RANGE, AJI) 

GO  TO  3S0 

385  CALL  E7K< ITYPE, RANGE, T) 


AJI»1.0/T 

290  SUM*<UM+AJI*f 1<M7)*P0A(I  ,J)*DELT 

160  CONTINUE 

245  OF 1 1 1 ) -F l ( I ) 

FL(II=FL(I  l-SUM 
IF (FL( I 1.GT.2L )  GO  TO  400 
FL( I  I *C. 0 

iustati  n=2 

ACC  1*(1.LT.K)  GO  TC  405 

jlmr=«lnb+fud 

TPO  L  (  I  )  =  ( FO (I )  -  F  L( I  1  )/FQ(I) 

GO  TO  165 

<05  $L  N R  =  S LMR  +  F  L  < I  I 

T PCt (I  )» (F0( I )-FL(  1))/FC 11) 

165  CONTINUE 

C***  PRINT  ANC  CHECK  FCF  BATTLE  TERMINATION. 

C 

I T  I  HE  ~  I C  d  NT  (TTS  I 
DC  175  I*K,L 

IF 4  H'STATd  I.EC.2)  GO  TO  175 
00  170  J  =  1 «  N RU 

I F  <  I U STA  T  <  J  I .  EO .  2  f  GO  TO  170 
CHECK  =  X (  I  l-X<  J) 

AVC=SCRT(<x(I)-X(j1>**2+(Y(I)-y(J)>*»2) 

IFJAVD.LT. BREAK. OF-.  ChECK.LT. 50.  I  GO  TC  410 
170  CCATINLE 

175  CONTINUE 
GO  TO  4i5 

c***  COMPLETE  AGGRSSSCR  UNITES  ROVE 
1  410  CC  IPO  I  =  K  #L 

1 F  *  i; LT.EC. 1.0R.I«CVc<  II. EC. ITEM!  GO  TC  440 
If  <  IL'STAT!  II. EC. 01  !USTAT(!)  =  3 
I  yQ  \  £<I  I  =  I MCV  S (  I  )  +  i 
IF( JMOVc (I).LT. I TEMI  GO  TO  180 
MD-X1UI 

Y( I) =46(1) 

IF( IUSTAT! II.  fO. 31  IUSTA  TCI) =0 
18C  CONTINUE 

415  1 1 T  l.ME*  I  7  I V6+- 1 F  I  X(  GA  TH) 

IF(  1?R  IN  T.  EC.  1)  tC  TO  430 
WRlTE(fctcCc)  1  IT  1 >  £ 

WRITe<6,622* 

WR1T£(6,624I 
CO  185  I  =1  ,  N  R  U 
N6=NT( I ) 

IF  (N6  .NE.O  I  GO  TO  420 

WRITE! 6  ,62  5  )  I, X!  I  ), Y(  I  I  ,FL( I  I  , IUST AT ( I  1 , TPCL ( I) 
GO  TC  1  f 5 

42  C  fc RITE <6, 6  26  I  I ,X< I), Y  !  I  ), FL(  I  )  ,  IUST AT! I ), TPOLl  I  )  , 

* (LOT!  It J  I  ,J=1 ,N6  I 
185  CCNTINUE 

WRITE (6  ,627  I 

WRITE (6 ,6281 
NNN  =  N  RU* l 
00  ISC  t=NNN,L 
Nt=NT( I ) 

IF(N6.NE.C)  GO  TO  42  5 

WRITElo ,625 )  I, XI  I  I ,Y( I  1 ,FL( I  I  ,  IUST AT (I  I, TPCL (  II 
GO  TO  140 

425  WRITE  (6, 6  20  II  f  X  ( I  I,Y  (I  J,  FL(  I  I,  IUST  AT!  I  ) ,  TPOU  I  J  , 

♦  (LOT! I, J  l,J* 1.N6I 
190  CONTINUE 

43C  CONTINUE 

C***  CHECK  FCR  EATTLE  TERN INAT I CN. 

C 

!CT=0 

C***  CHECK  IF  AN  AGGRESSOR  FORCE  UNIT  IS  STILL  ALIVE 
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DO  1«5  1*1  ,N«U 

lF(FLlll.EC.C.C)  GO  TQ  .<;c 
JOT  *  1 
155  CCN7INLE 

I F  <  IOT.£G.ll  GC  TC  4  35 

C***  NO  AGGRESSOR  FORCE  UNIT  41.  JV £  SC  OEFEN3ER  WINS 
WRI  TE  ! 6 .6  31 ) 

CO  TO  450 
435  ICT  =  0 

C»**  CMECK  IF  A  CEFESSIVE  FCRCE  uN! T  IS  STILL  ALIVE 
CC  200  I*K.L 

IF< FL (l).EC.O.GI  CC  TC  200 
IOT*  1 
200  CONTINUE 

IF  (  IOT.FC.ll  GO  TO  4-5 

C***  NC  CEFcNSIVE  FCRCE  UNIT  ALIVE  SC  AGGRESSOR  WINS 
wRI  TE  <4  .6  32  I 
GC  TO  450 

C **•  Cl  STAKE  EE’wEEN  FORCES  *C0  CLOSE 
44C  WRITE  (o,o32) 

GO  TC  453 
445  IOIC  +  l 
GO  TC-  2  5  0 
4EC  CONTINUE 

WRIT£<6.622)  I  IT  I  ME 
WR I TE ( 6  1 623 1 
WP  IT£(  6  «  6  2  ' 

CO  205  I*1.NRU 
N6  =  N7  < I ) 

IFIN6.SE. C)  GO  TC  *»55 

WRITE!  6, 625  I  I  ,X (  I  I  .Y (  I  I ,  ?L (I)  , IUST AT [ I ) , T POL (  II 
GO  TC  205 

455  WRITE  <c  ,6  26  I  I,  x<  I  ), V<  ;  FL  /  I  )  , 1US  TATI  I )  ,TPCL(  I)  , 

♦  (LOT!  I  ,  J  I  ,  j=i  ,.'o  I 
2C5  CONTINUE 

WFITE<6 ,c27I 

WRnf(6.62£I 

NNN=NRU+ 1 
CC  210  I=SNN,L 
Nfc  =  N  T ( I ) 

IF  (  N 6  .Sc.  C  )  GC  ”2  4 cO 

WRITE(e>,62SI  I,X  (  I  »  ,Yt  I  ).FL  (II  ,  IUST  AT  (  J  )  ,TPOL(  I  I 
GC  *C  2 1 C 

460  WRITE  (6t4-u  M.Xtl),  Y(  I  ) ,  Fl  »  1 1  .  IUS  T  AT(  I)  :  TPCU  I  I  . 

♦!LGT(i.J),,jsit  No  / 

210  CONTINUE 

500  FORMAT  (  1  «.x  ,!  2  . 12X  ,  =  10.2  ‘ 

501  FORMAT  (35X.P12. 2. T'.-’.  2.2  1 

502  F0RMAT(ieX,l:,13X, 12) 

5C3  FCRRAT  (1C:<  »F7. 1  ,  1CX  .  RT.I  ,  10  L  .  f  7.1 . 10  X,  F7 . 1 ) 

5C4  FORMAT (  If  >. i 2 , 1 5X .1 2) 

506  FORMAT (  IlX.Fc.  i,  1  2  X  *  - J .  •  ) 

5C7  FORMAT  ( 12X  ,FS  .  1  ,12  <  3.:  .  iX,  R-.1.7X.  I3.7X,  13  ) 

508  FORMAT ( 1 «X,I 1 , 12X ,F;. 1 ,  - x  X.I  1 1 

505  FORMAT ( 5>  .  p5. 2  ,  5x , F5 .2 ,5x  ,Fr .2 ,5X ,CI  .2  ) 

600  FORMAT  (  '  I  1  i  lx  ,  '**  INI'IAL  ;.4NC  COMMIT  INFORMATION  «*  • , 

*////,'  LCCA  I'.N'I 

601  FORMAT!'  *,*UMT',?X,‘x*,(a,*Y«,4X,*FCRCE  LEVEL') 

603  FORMAT!  1  X ,  I  3 , 3  >  ,F  7.  1  ,2  X  , I.  1  ,  ;  x  ,F5.  1  ) 

604  FORMAT  (/ lx  ATTR  IT  :cs  IS  STf'C  “A ST  IC  ’  / ) 

6C5  FORMAT!  /IX.'  ATTRITION  IS  I-'E  R*>  I'JIST  IC*/ I 

606  FORMAT!  1 ),  ">CL  TcS  Cc  *  I  SEC  5Y  JSER'/I 

607  RGRMATdX.'AT'ACX  vSt-ICLE  SPEEC  IS  :,F4.i,'  M.P.H.*,/I 

608  PCFMAT(lX, ‘BREAKPOINT  OISTA.NC^  IS  '.F6.1,'  METERS’. /) 

605  FORMAT! IX, 'OFFENCES  WILL  5GT  MOVE  T0  ALTERNATE  POSITIONS'/) 

610  FORMAT  (1)  ,'DPFESCER  WILL  'CVE  TC  ALTERNATE  PCS  I T ION S  ' / 1 X , 

♦  •ALTERNATE  POSITIONS  AR E :  '/l X  ,  *  UNIT*  ,5X , • X • , dX , ’ Y  •  > 

611  FOFMaT ( 1> • 13  *3x»F7 . 1  *2X»F  I. 1 1 

612  FORMAT ( /4X .'  AT K  KILL  PROS  ABILITIES*/ IX  » 'RANGE' »4X» ' P  •  . 

♦  4  >  .  ‘PHH  '  t  3  X»  'PMM«  ,3X, *PKH  '» 

613  FORMAT (  2  X  » I4.4(2X.F4.2)) 

614  FORMAT! /4X.* OEF.  KILL  PRC EA8 i L I T I cS '  /l X , ' R ANGE * , 4X , * P  ' , 


*9X  ,  *PHH  ',2X,'PHN',3X,*PKH'I 

615  FQFMAT(//,'  CURRENT  STATUS  UP  UNIT  I  VARIABLE  DEr ? N I T I  CMS •  , // , 

**  C  -  ALIVE  MOT  FIRING'*/.*  1  -  ALIVE  AND  FIFING',/, 

*•  t  -  KILLED',/,'  2  -  MOVING' I 

617  FORMAT (//,'  VEHICLE  SPEEC  VARIABLE  D EF  IN  I T IONS *  * / / , 

*•  1  -  9  MPH',/,'  2-12  MPH*  ,  / , 1  2  -  15  M PH',/,'  A  -  13  MPH') 

618  FORMAT  (  •  1 '  ,  1  OX  ,  '  *****  THE  LAND  COMBAT  PHASE  BEGINS  **«**',//) 

622  FORMAT  (//1X«'7I.M£*'»I9,1X,'  SEC  CMC  S'  /  /  ) 

<23  FOFMATt/,'  aggrescr  unit  INFORMATION'! 

629  FGRMAT ( lx, 'UNIT* ,5X, 'X'. E>,' Y  •  ,5X  ,‘F  CRCE  LEVEL*  . 2 X, '  STATUS'  , 
*2>.'LOST-FCT' , 2X  ,  'TARGETS • » 

<25  FOFVA*<  2>, n  ,J*,F7. 1  ,2X,F  1 , 6X.F5.1  ,cx, II .6X.F5.3I 

626  FORMAT  t  2X,U  ,2X,F7.1,2X,  c  I.  1,  <  x.r  5.  1  ,9X,  Il.^X.R  5.  3  ,:-X,3U  1 ,1X1  I 

627  FOFKAT</,'  DEFENSIVE  UNIT  INfCF-ATnN‘) 

628  FORMAT l  1>  ,'UNIT' , 5X.  *X», E  >,*  Y  •  ,5X,'FCFCc  Lc VSu ' , 2 X , • STATUS '  , 

*2X *• LOST- FCT 2X. 'TARGETS ' ) 

629  FOPMA7i3X,n,3/,F7.1,2A,F7.1,tx,F5.1  ,9X ,  11 . 6X , F$ . 3 ; 

630  FORMAT  (  2)  ,  !l  ,  3X  ,F  7.  1 ,2X,  ;  I.  1,  A  X,F  5.  1  ,9X,  11,  -X,F5.  2.2  X,  3(11,1X11 

631  FOfiMAT(l), '*■*•**  ACGRESCO  FORCE  IS  ELIMINATED.  END  Oc  RATTLE.') 

632  FORMAT  (  1  >  ,  '  **»*  CEFENSIVE  FC'Cc  IS  E  L  I  M I  i\ATI:  D.  ;H  OF  2  AT  T  L  E  •  1  I 

633  fCR“AT ( IX , '****•  CISTANCE  3£T*£EN  FORCES  IS  TOC  CLOSE.  '. 

* • E NO  OF  EATTLE  ******  I 

RETURN 

ENO 

C  SUERCUTINE  SETLP 

C  ***  SUfcPCuTlNE  SETUP  IS  USEC  TC  READ  IN  THE  TERRAIN  DANA  AND 

C  CREATE  PARAMETRIC  TE=RAIN.  TnIS  TERRAIN  DATA  « ILl  2E  USEO 

(  MHEN  COhFL'TINO  LlNc-CF-SICHT  EEt*EEN  tAPGE*S  AND  C2IERVERS 

C  AS  HELL  AS  PROVIDING  a  GRID  system  =0R  UNIT  LOCATIONS  ANl 

C  MGVEmEN  t . 


COMMON  /MILLS/  XC  <100  )  ,YC  ( 10  G  ) .  °E  AK{  1  CO  >  .  ANGHt  2  0  |  ,  1  PRD  (  1  00  ) 
CON“GN  /HILLS/  tCCC  ICO)  ,r  )X(  ICC)  .  RVY  (1CJI  ,PXV(  10:>  )  .EASE 

common  /hills/  nh  ills 

COMMON  /COVE  R/  CxC  <  150)  .CyCI  15CI.CPE  AMI  50)  ,CPXX  <  150  I.CPVYI  150  ) 

COMMON  /CC  /cR/  C?XY<  150  .  NO  VEL  5 

co.vmcn  /CClNTR/kh,kkh,xv  ,mn,k-;=S,kEli,k:nt 

C  OMMCN  /GRID/  L  S  * ( 5 , * )  ,Nh  K  j,-  I  il 1ST  m I?7 i ,xl; ;P( iBo  )  ,KT=  £P 
COMMCN  / OR  ID /  ISTC( 5 ,9) ,NC( 5,4) ,LlSTC(90Ui .NCR I  7  •) 

FA  1=2. 1-  129 
«£AC(5,5CO  NH  ILLS 
R  EAC( 5 . 5  1C  I  BASE 
CO  50  I  =  l  ,NH ILLS 

REA  0(  5,52  0  xC  l  I  I  ,YC(  I  l ,  PE  Ak  <  I  I  ,  A  NGr  (  I  )  ,  5  PRD  (  !  )  ,  2  CC  (I  ) 

50  CONTINUE 

RE  AD  I  5  ,  5  I-C  )L  ST 

H |A0<  9,  5  2C INr L 

re;c(5  ,5c:  inhot 

REACI 5. 5  2C l< l I  I Th( I  I ,1 *1 .mhTC’* 

65  CO  ICO  I*1.NMLLS 

AA.NGLf*3NGH(I  i*PAI/180. 

SANG*  »IN(  AANu  L  C ) 

CANG=COS< AANOlE  I 

A*P E  A  M  I )  / (  f £  A  X  ( I  )  -50  .  ) 

A=A  L  C  G ( A I 
e  =  A*ECC(i  )**2 
SSPD*  SFRO  (I  l*»2 

PXX  (  I  l  =  -<  A»CAf  C*CA,\G*B* SANG* SANG)  /S2P0 
PYY  (  I  )*-<  A*SANL*SANG*8<CAr.C*l  \NG  )  /SSPD 
P  XY (  I  I  *  <  2  .  -  5ANL*CANG* <  E-A  I  I  /SSRD 
KHRSF (  I  )=  -2  1474335JC 

C  ALL  VALUES  NCR  IN  METERS  CN  0  —  10,000  GRID 
ICC  CONTINUE 

REACI5.5CCI  NOVELS 
IFINCVELS.cO.O  )  GC  TC  200 
00  1 5  C  1=1, NOVELS 

REACI5.590CXC  ( I  ),CVC(  1  J.CPEAK  (I  I.CPXXU  )  .CPYYII)  ,CPXYUt 
KCFEF< I ) «-21979836CC 
150  CONTINUE 

RE  AO ( 5 , 53  C  I  LSTC 
READ  I  5 , 53  O  NC 


123 


V 


2CC 


SCO 
510 
520 
5  20 
540 


READ  ( 5 , 50C I NC  TC  T 
REAC(  5,53  0  (L1STCII ).  I-l.NCTOTI 
KTPEP— 2147492£C0 
KH*0 
«HK*0 
K  V*C 
KN«0 
KCFJ=0 
K  E  LL*Q 
K  IFT=0 

FCRMAT(  30,14) 

FORMAT  (10.F5.il 

FGFMAT( 12x,F7. 1 ,2X ,F7.  1,  5  >,Ffc.l,5X,  F£.2,  5X , F8. 2 , 4X , F4 . 1 1 
format (  ;e»,ic i o 

FORMAT (2flC.4,2E12.7) 

RETURN 
ENC 

SUcRCUTIFc  ROUTE 

♦**  SLEROUT  IRE  ROUTE  CGMPUTES  THE  ROUTE  Cc  EACH  AC-GPESSOR  U'i  I T 
HHEN  The  USER  HA S  SELECTEE  The  C?T ION  Cr  I NPUT : MG  AGGRESSOR 
ROUTES.  IT  CALCULATES  ThE  CGC  RCINAT  E  S  CF  EACH  INTERVAL  E-'DPCINr 
ALCNG  the  ROUTE, FAKING  EACH  INTERVAL  L E.NGTH (  31 S 7 ANC S  MOVED  DURING 
A  1C  SECOND  TIME  STEF)  THE  SAFE.  THE  INTERVAL  LENGTH  IS  DETERMINED 
ev  THE  SPEED  THE  USER  HAS  SELECTED  AND  INPUTED  FOR  THE  CURRENT 
BA  1  TLE  . 

CCPMCN  /GFP3/  NEC,  NR  U,  FL  (  £  > ,  F  0  ( 6  )  ,N0  I  (  3  >  .  X IC  I  3 , 200  )  ,  Y I  C  (  3 ,  20C  )  , 
•ICIR13.2CC),  AVSP.ISFC 

♦  ,  ILSTATI £  1,1  I  l  1 1  ,LCST( £.6  I,  VI SFRA.VI  SFRB, SIZETK, 

*<I2ETWfN1(fc)  ,NF(t  )  ,SRF,CIS«AX, 

*NLCSC( 6,£ I  ,VI  SFR  (  £  ,£  )  ,RM!  KTK  .PVXTK.RFII  NTw  ,RMXTH,  CP,TCV,FR,  LVAFR, 
*PTT(3, 31, RF,PCA(£, 6), A PC A  (6, 6), L0A(6, 6), NA (6), OFU(6I,?OL(6I 
Cl  PENSION  XL  CC  (3,20)  ,YLCC  (3, 20  I,  N  (3) 

IFdSPO.EC.41  CST  =  6C.4e3 
1FIISP0.EC.3J  CST=£7.U53 
IF(ISP0.cC.2 )  CST*53.fc43 
IFdSPO.EC.il  CST=  4C. 222 
DC  110  Id.NRU 

READ ( E  ,  50  C I  Ndl 
NL=N(  11*1 
OC  1C  I N=  2 , M 

P.  EAC(9,E1CI  XLCC  S  .  Y  ICC  S 
XLCCd  ,IM  =  XLCCS 
YLCC (I  , I M  *Y LCCS 
10  CONTINUE 

XLCC (  1 ,  1) =x  IC(  I,  1  I 
YLOC  d  ,1)  =Y  ICd  ,1  I 
101 R  <  1 ,  II  =C 
NL=N  ( I  I 
NUM=  2 

CO  ICC  J* 1 ,  NL 

XL*XLOC(  I ,  J-»l )  -X  LQC  (I ,  J  I 
YL  s  YLOC (  I , J+ll-YLCC (! , Jl 
0  1 5 T=S CR  T  (  XL '*,2* YL*  X 2 1 
Y=£BE( YL I 
Z  =  >  /  XL 

ANCL=ATAN( Z ) 

DEC*ANGl*57.2S59 
I  F  (  J.c  0. 1)  GC  TO  50 

XLN=( CST-EXTRAI *COS ( ANGL  I 
CIST-(DISTh5XTRA  l-DST 
YLN= (CST-EXTRAI- SIM ( ANGL) 

X  IC  d  ,  NUN  I  =  < I C  <  I  ,NUM-  1  1  +  XLN  +XLE 
IF( YL  .GT.C. I  GO  TO  2C 
YLN=- YLN 

20  YICU  ,NL’NI=Y  IC  (  I  .NUN-1)  +  YLN+YLE 

IF< YL.GT.C. I  GO  TO  3C 

10  1 P  <  I,NUMI=-  IFIX(CEG) 

GO  TO  40 

30  IOIR(  I  ,NLMI  =  IFI X (DEG  I 
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c 


c 


40 

NUM*NLM*1 

5C 

XLR*CST*CCS (ANGL 1 
VLN*OST*JIN(ANGLI 

IF ( VL.GT .0. )  GO  TO 
YIN  —  VLN 

iO 

6C 

IF  (01  ST.  L  1.  C  ST )  GG 

TO 

70 

80 


90 


100 


lie  CCNTINUE 


X  1C  (  I  ,NUN t*XICt  I  ,NUM-1 l  +  XLN 
VIC  (  I  «NCMI *VIC(I  ,MJR-ll*YLN 
IF(YL.G7.C. I  GO  *0  7 C 
ICIfU  I.NUM |  =  -  IF  lx  { CEG I 
GO  TC  ec 

ICI  R  (  I.  NUN  )  =  1 F!  X  (DEG) 
CIST=£i ST-CST 
NLM*NLM»1 
GO  TO  6C 
EX 1RA=C I  ST 
XlE=cXTRA*CG<(ANGll 
YLE«=EXTRA*S  IN(  ANGL  ) 
IFIVL.GT.O.)  GC  TO  100 
VIE  =- VLE 
CC NT INUE 


*00  FOFMAT (3EX.I2  1 

ilO  FGFMAT( 12X.F 8. 1 .12X.F8.1  ) 

RETURN 

ENC 

SLEROUT  INE  L AMCA < I , J ,PCT V  IS , CETRAT, P K > 


•**  S  LPRCUT INE  LANCA  IN  CCNJUCTICN  U I  Th  THE  LCS  ROUTINE  COMPUTES 
THE  DETECTION’  FATE  (CETRAT  )  OF  TARGET  J  BY  the  OBSERVER  I  GIVEN 
THE  PERCENT  CF  TARGET  VISIBLE  (PC7VIS)  TO  THE  OBSERVER. 


CCMCN  /  C  P  FI  /  IPFCIR  (6  ).  IJECWC(0),MVTDIR(6I.X(  6)  ,Y(6l,SPD<  61 

7CFACT=1.C 

Z£FOL*C.&0C01 

FAI*3. 14159 

7  C*(ISECV>C(I|*PAI/1EC.  Cl/2.0 

eEE=(i.c/(2.cv<siN(ci-:*ccs(cn)) 

IF(A6$(S6B).LT.CERCL)  EBeO.O 

AA  A=  <  — 9  e  E  » *C  C  S  « U  1 

IF (AE$( AAAI.LT  .ZERCL  )  A-/O.0 

C  T  ANG=  A  1  A  N  2 (  ( V ( J  l-Y<  I)  I , (  .»(  J  >-<(  !  II ( 

IF(CTA.-(C.LT.-PAI/Z.A?.J.GTANG.GT.-PAI  I  CT  ANG=2*  P  A  I +  CTANG 

F0= IPRCI F ( I)*P A 1/130.0 

I  F  ( <PO*G TANG  I .GE. C.O I  GOT  C  1 

IF (PO.LT  .C.O 1  GCTC  5 

ANGLE =2*f AI*OTAAC-FC 

GOTO  10 

9  ANCLE  =  2*F  AI-rFG-OTANG 
10  IF (ANGLE. GT. PAI I  ANG LE =2* FA I  -  A NGL £ 

GOTG  2 

1  ANGLE=Ae$ (FO-CTANC I 

2  I F  (ANGLE  «G  T. 0  I  GC  to  3 
CLF=PO+C 

CLCW=PO-C 

ANClF7=ClAN3+( 15.C*PAI/16C») 

I  F  ( ANC-L  FT  .GT  .CUP)  ANGL  FT  =  CUP 
ANGLRT  =  OTANG- ( 15.*FAI/:3C.J 
IF  (ANGLRT.LT.OLCV.  )  ANGLRT=3L0W 

FK*£B8* A£S(AdS  <S  IN( ANGLFT  J1-A£S(SIN( AMGLRTI) >+AAA*< AMGLFT- 
•ANGLRT I 

If (PK.LT.C.O)  GO  TC  ’ 

IF  (PK.GT.1.0 )  GO  TC  I 
GO  TO  8 

3  PK»0.0 
CETRAT  *0  «C 
GC  TC  6 

5  PK*1.0 

0  RANGE*  SORT  ((  X(J)-XCI))**2-MY(J)-Y(n  )**2  l 
RR*0.0 Cl  GRANGE /PCTVI  S 
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TOANG=A T AN2 (  ( Y f I  »-V  (  J )  I  ,  (  >(  i  I -X( J ) ) > 

AO'MVTDIF { JI*PAi/l“0.0 
HCRVELsA?S(S?D(JI*SIN(  TCA NG-AC  I  J 
H0BVEU=HCBVEL**6CS.i/3:00 .0 

0EX0M=1 . 453+ TCFACT* iO. 5P7 t * l . 1 88* ( RR **2 >-0.503 8*H0RVEL ) 

If (DENCM.LE.ZcRCl I  PENCM* jg TCI 
CETRAT=0.CC3*1 . C8d/CENCM 
CETRAT*CETRAT*FK 
6  RETURN 
ENC 

SUERCUT  IN  £  EL£ V (X , Y,  THAC  ) 

♦  **  SUBROUTINE  ELE  V  CETERUINEE  THE  TERRAIN  ELEVATION  FCR  A  GIVEN 
SET  OF  X,  Y  CCCRCINiTES.  THIS  ^UNCTION  IS  USED  IN  CONJUNCTION 
WITH  THE  LCS  5L6FLLTINE  If  COMPUTING  L  IN  E-OF-S  IGHT  3ETi»EEN 
OBSERVER  ANO  TARGET. 

COMMUN  /HILLS/  XC  (  InC)  ,YC  U  DO  )  ,P?AM  100  )  ,  ANGHf  1 00  I .  S  PR  C  <  ’.00  I 
COMMON  /HILLS/  ECCIKO.P  >X(  ICC)  ,PYY  (100)  .PXY<  100J  ,8AS£ 

COMMON  /HILLS/  NFilLS 

COMMON  /GRID/  LST ( 5  .A)  ,NH l< 5 ,4  I ,LISTH (150  I ,KHREP<150 > .KTREP 
CCMMON  /GRID/  LSTC  {  5,41  ,NC<  5*  A»  .LISTC(400)  .(LCREPI  150 
OATA  GSIZS/IJUO./ 

***  FUNCTION  TC  COMPUTE  TERRAIN  ELEVATION  FCR  GIVEN  X,  Y  CCCROINATES. 
ZM/X=0AS  £ 

I X  =  1*I F  I  X (  X/GS 1 ZE  1 
IY=I+IFIXIY/GS1ZEI 
IF(NHnix,IYI.£C.JI  SO  TO  150 

1  ‘si  PTI  t  ».  ’V  I 
l£NC=LS«NHL<  IX.IY1-1 
CC  100  1*1$, LEND 
I-LISTHI L ) 

OX=X-XC( 1 ) 

CY=Y-YC(I) 

CXSQ=QX*CX 
CYSC=QY*CY 
C  XY=OX»  C  Y 

FACTC«=P>X(!  i«GXSC^pyy(I  I  »CYSC+PXY(  I  )*CXY 
IF  (FACTCf .LT .-3. )  CC  TC  ICC 
HT  =  PEAK  (  1  )*£ X? (FAC’CR ' 

IMHT.Lt. /VAX!  GC  TC  ICO 
l M  AX  =  H  T 
ICC  CONTINUE 
150  tkaozmax 
RETURN 
ENC 

SUBROUTINE  STCCHU, RANGE, /J 

***  SLSPCJT I  N  E  STCCH  DETERMINES  THE  ATTRITION  COEcc!CIENTS  whEN 

A  USER  His  SELECTED  A  STOCHASTIC  ATTRITION  OPTION.  THE  CALCULATION 
IS  A  FUNCTION  CF  the  ORIGINAL  STCCH A ST  IC A L L Y  DETERMINED  ATTRITION 
COEFFICIENT  AS  Weil.  AS  A  FUNCTION  OF  RANGE. 

COMMON  /CRP6/  ALPHA! C 
CCMCN  /GRP3  /  NEL.NRU.  FL  (  t  l,F0(6l  ,N0  1(31,  XICC  3, 2001  ,YIC(  3,200)  , 
*IC1R<  3, SCO . AY  SP ,  ISFC 

* ,  I US' AT ( t) , I  II 11 .tCSTl 6,6  1, VIS FRA, VI  $FR8, SIZETK, 

*  S I ZETW , NT (6  I  *  N  F ( c I , S  R  P ,0  I SMAX , 

*NLCSC(  6,<  )  .VI  «FR  ( t  ,fc )  ,RMI  NTK  ,PMXTK.  R  H  NTW  .RMXT’M  ,  OP.TCwFR,  LV  AFR, 
*PT7<3, 3 >  ,RF, PCAI6,6) , AFOA (6,fcl ,L0A(6 , 6  ), NA( 6 ) , CFL ( 6 )  ,P0L(6J 
1  F  ( I . £0 • < )  GC  TC  10 
A  "ALPHA  (  I  )*(  (  l.C-RANGS/RM  >TVO**2l 
GC  TC  20 

1C  A» ALPHA  (  1 1*(  (  l  . 0- RANGE /P. MXTK)*»2) 

20  RETURN 
ENO 
C 

SueRCUTIKE  ETK(I, RANGE, T ) 

C  ***  SUBROUTINE  E  TK  COMPUTES  THE  EXFECTED  T IM  £  FOR  A  GIVEN  FIRER  TO 
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KILL  A  GIVEN  TARGET,  t>e  CALCULATION  IS  A  FjNCTION  CF  RANGE, 
TIME  OF  FlIGHT  FCR  A  RCUNC  ANC  h|t  A  Nr;  KILL.  PROBABILITIES  FOR 
T  ME  FIRING  WcAPCN  SYSTEM.  IT  !S  A  ‘.'j  N  F  ER  That  IS  USEC  IN  THE 
CCMPUTATICN  CF  THE  DETERMINISTIC  ATTRITION  C OE FF ; C I  ENT S. 

COMMON  /GRF2/  TA ( 21 , T 1 (2  I  ,~HT 2 1  , TMT 2  t , TF I ( ' • , TF2  ! 2  I  ,TF3< 2 ) , 
*P(2,6),PFM2.6>,FFMC2,t),FKM2,fc),TF(2l 
IFU.EO.2I  GO  TO  5 
TFT  I  l*TFI( I  I 
GCTC  t 

5  IFTRANGE.GT.  iOOC.C)  GC  TC  •» 

TFT  I)=>TFI  m- TTFlt 1  >*(  10GC.C-RANG  E)  /I  LOO.  0) 

GO  TO  6 

7  IFTRANGE.GT. 2CC0.0I  GO  TO  8 

TFT  I)*TF2  (II- (  TTF2T  Il-TFU  I  I  )*<  20  CC.  C-  RANGE  )  /LCOC.O) 

GO  TO  6 

8  TFT  Il*T?;(H-<  (TF3TH-TF2  (I  I  I*  (2000.  C-RAfiGC  ■  /l  OOil.3  t 

6  J«TPANGE<25O.O)/5C0.C 
IFTJ.CT.d  J=6 

T»TA(  I  l*T IT  I  )-TH< ! I ♦(  (  1H(  D  +  TF (!)  )  /  PKH (  I , J)  ) ♦  I  ( tm ( I J  +  TF (  I ) ) / 
•  FHMT  I,  J  »  l*<  ( I  .C-PFH  I.  J  )  I  /PM-  <  I.J  l+PHHT  I  ,.J  l-PT  I ,  .1 )) 

RETURN 

EMC 

SUBROUTINE  SCRTT I .Ml 

*•*  SUBROUTINE  S OR  t  IS  USED  TO  SORT  TARGETS  IN  ASCENDING  RANGE 
OFCER.  THIS  IS  USEC  TO  DETERMINE  Thc  PRIORITY  OF  A  TARGET 
FGP  FIRE  ALL  CCA  7  I CN. 

COMMON  /C PP5 /  L0TT6  I ,RC7(6 , 6  ) 

CO  1C  J=  1  ,M 

IFTROTT  I, M|  .GE .RCTT I, J  I)  GC  TO  10 
R  *  f  GTT  I  ,  „  I 
NN * LCT  (  1  ,JI 
ROT ( I,J)*ROT< I, Ml 
101(1, J)*LCT(1, Ml 
ROT  <  I ,  M  |  *R 
LOT (I, M I  *NN 
1C  CONTINUE 
P  ETURN 
ENC 

SUERCUT  INE  KCVER  (  ZC,  TMACT  ,  S I  Z  E  T ,  Z  * , tH  TS  ,  7.  S  ,  VI  SF  <!  T I 
***  SUE  ROUTINE  KCVER  CETERNINES  W  F  AT  PORTION  0=  A  P  Ai;  T  I CUL  AL  .TA  RGE  T 
IS  CCVcR  EC  BY  THE  TERPAIN  BE  7  F  BEN  *A?GST  and  OBSERVER. 

THIS  NUM6ER  IS  USEC  IN  Tr £  OE  T  ECT ION  AND  ATTRITION  COMPUTATION. 

IFTS.EO.O.I  GC  TC  10 

IF  THIS.  GE.ZSI  GC  TO  20 
HEXT=Z0+TH1i-ZCI/S 
EV  IST=AMAXI (FEYT.’MACT) 

IFTEVI ST.GE.ZT  I  GO  1C  2C 

I  FT  EVIST.LE.ZT-S  IZcT  )  RETURN 
VI S= ( ZT-cV I  ST  l/SIZET 

IFTVIS.LT. VISFrT)  VISFRT-VIS 
RETUPN 

10  IFTHTS.LT.ZOI  PETUFN 
20  VI5FPT=C.C 
RETURN 
ENC 

SUBROUTINE  LOS ( XA , Y A ,TMAC A, T M ICA , 31  l EA ,X3 , Y3 , TMACB ,TV I CB , S I ZEB , 
*LATCB,LETCA,VISFRA,V!SFRei 

***  THIS  SLBfCLTINE  VAS  YRIT7EN  BY  FP.CFES5CR  JAMES  HARTMAN,  NA\MAL 
POSTGRACLATS  SCHCCl.  IT  CCMPlTES  A  PERCENT  OF  A  TARGET  VISIBLE 
TO  A  PARTICULAR  CESERVER,  GIVEN  THE  CCCRCINATES  OF  BOTH 

COMMON  /HILLS/  XCT10CI ,YC T10C  I.PEAKT  ICCI  ,ANGHT 100) .SPRDT100I 
COMMON  /HILLS/  ECC  (1001 , P >XT  ICCI  , PYY  (ICO  I ,PXY( 100  I  .BASE 
CCMMCN  /HiLcS/  NHILLS 

COMMON  /CCVER/  CXC(150I,CYC(  1  EC  I . CPE AK ( 1 5C I ,CP XX ( 15 C I ,CPYY( 150 1 
COMMCN  /CCVER/  CFX Y ( 150 1 , NC V EL S 
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COMMON  /CCUNTR/KH,  KHW,  KV,  KM,  KGRS  ,  KELL,  K ! NT 

COMMON  /CRIO/  LST(5,4I ,NHl( 5, 4  I ,L ISTH( 1501 ,KHR EP(I5CI ,K7F£P 

COMMON  /GRID/  LSTC (5  ,4 J , NC( 5,4  )  ,L 1ST C <400  l.KCP EP( 150  ! 

C1MENSICM  IG  X  (  1CCI  ,  I  GY ( 1 0  C I ,  I  EL ( 1 00  I  ,  CSU 1 00 1 , C$2 ( 100  I 
D/7  A  GSIIE/100C./ 

C***  SUBROUTI  Me  TO  CCPFUTE  F  RAC  1 1  ON  VISIBLE  FOR  OBSERVER  TARGET  £>AIRS 

V  I SFRA  *  1 . 

VISFPB*!. 

XEA*X8-X A 
Y£A*YB,-YA 

IF  <<XBA.£C.O. ) .AM. ( Y8A.E0.0  .  I)  RETURN 
IF  <  SHEA* TMICA.LE.O.l  GO  ’ 0  510 
IF( S  IZE8*TW  IC8.1E.D.)  GO  TC  510 
IF(TMICA.  LT.O.  J  VISFRA=1.0«T.»ICA/SIZSA 
IFITMICB. LT.C. )  VlSFRB*1.0*TMIC3/SIZES 
ZA* TMACA  *  TMICA  ♦  SIZEA 
Z  8  *  T  FA  C  8  ♦  TMICB  ♦  SIZEE 
KTREP=KTRE  F* 1 
Z£A*Z3-Z A 
xeASC=x8A*X£A 
Y  8  A  SC*  Ye  A*  YEA 
XYf A=XEA*YEA 
TwOX6A*2.»>xeA 
t4QYBA=2 .*YPA 

C***  COMPUTE  GFIC  SCUAFES  CRGSSED  B Y  A  TO  E  LINE 
NGPSO=0 

IF(XeA)  1 10, 55,100 
55  X8A«C.l 

IOC  ISGX=-1 

X  I  MC  =  GS I  2  E/X  8 A 
CO  TO  12 C 
lie  I S  G  X=  1 

XINC=-GSIZE/XEA 
12C  IF(YBA)  140.125.12C 
125  YBA*C.l 

13  C  I  SGY  *-l 

YINC*GSIZE/YEA 
GC  TO  15C 

14  C  I SG>«1 

YINC  =  -G  SI Zc/YeA 
15C  I X  =  1 ♦  IF  IX  (X3/GSIZEI 

IY*1+IF1X(YB/GS!ZE) 

XNEXT=GSIZE- (FLOAT (1X1*0.  I*(  ISGX-1. )  ) 

YNEXT  =  GS1ZE*(FLCAT( IY ) *0. '*(  IS GY- 1.  )  ) 

X  STEP*  (  X  E  -  xN  E  X  T  l  /X8A 

Y  S  TEP= ( YE-YNcXT ) /YEA 

UC  NGFS0  =  NCFSC*1 

I  GX(  NGR  5  C  1*1  X 
I  GY ( KGRS C  l=IY 

IFUXSTEF.GT.l.J  .AND.  (YST 'P.GT.l.  )1  GC  TO  200 

if(xstep-yst=p i  i7c,;ec,i<o 

170  IX=IX  + I SGX 

XSTEP*XSTEF*XINC 
GO  TC  lfC 

18C  IX*  IX*I SGX 

XSTEP=XSTEP*XINC 
19C  IY*  IY*I SGY 

YSTEF *YSTEP*YINC 
GO  TC  1  £C 

20C  KCRS*KGF<*NGRSC 

C  GRIO  SCUARE  LIST  NCW  COMPLETE  IN  IGX,  IGY  WITH  NGR SO  ENTRIES 
C 

C*»*  FIND  WHICF  COVER  ECLIPSES  TCUCF  THE  A  TC  B  LINE, 

C***  CHECK  ELEVATICNS  AT  SI  ANO  S2  FCR  EACH  SUCH  ELLIPSE 
N  E  LS*Q 
CHTMAX*C. 

IFINCVEL5.E0.C)  GC  TO  270 
00  2tC  K-l.MGFSC 
1  X  «  IGX  (  K  ) 

I  Y*  IGY  (  K  I 
N*NC(I  X,  IY  ) 

IF(N.EC.O)  GC  TC  26C 
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L  S*  LSTC  ( I X ,  I Y I 
LEND*IS-*A-1 
CO  25C  l  =LS  ,  LENC 
KEU*K£Ll+  1 
IC*L I STC (LI 

IFIKCREF(IC) • 5C.KTPEP)  GC  TO  250 
KCREP(IC)  *  f  tr  £  F 
RX*  XA-CXC (  ’Cl 
RY*YA-CYC  <  !C  I 
PPXX=CP  XX (  1C) 

PFYY=CPYY (  1C  I 
PPXY  =  CPXY<  1C  1 

AA«PPXX*X8AS0*PPYY*Y3  ASC«-PPXY*XY8A 
BE«FFXX»TWOX  f A»Rx+PPYY*  TWCYBA*PY»P°XY*(P  X*  Y3A  +R  Y^XBA  ) 
CC=PPXX*R  X«ftX+FPYY«RY*RY+  F P XY« 0 X * RY- 1 .0 
APG=E£*e9 -*.0*AA*CC 
IFtAPG.LE.C.I  GC  TO  250 
$C=SCRT  (ARC  ) 

51  =-  <  8  2  <50  1/(2. 2»AA.’ 

S2M SQ- E8I / <2.0*AA  1 
If (Sl.GE.l.  I  GO  TO  250 
-  IF  (S2.LE.0.  1  GO  TO  250 
IFISl.LE.O.  I  GO  TC  510 
IF (S2.GE.1.  )  GO  TO  510 
C***  CHECK  LOS  AT  si  AKC  52 
KIM  =  KINT*1 
C  FK>CFEAK  (I C I 
XS*>A*S2*>XBA 
YS=YA+S2*Y8A 
CALL  ELEV(X$,Y$,HTS  I 
HT  5*FTS+CFK 
ZS=ZA»S2*Z8A 

I^(l4TG8«tC«CI  GC  TC  210 

CALL  KCVER (2A,T«AC8 , SIZES  ,Z3  ,  52 ,HTS. ZS , VI SFRei 
IFIVISFRE.LE.O.I  CO  TC  510 
21C  I F ( jOA • EC . C I  GO  TC  220 

CALL_KOV£M  ZEtTMA  ( A,  S  1ZEA.ZA  , S,HTS, ZS, VI SFRA ) 
IF<VISFP.A.LE.O.>  GO  TC  510 
22 c  xs=xA*si*xeA 

Y5=  Y A  *S i * YE  A 
CALL  ELEY ( >5  ,YS  ,HTS I 
HT$=HTS*CFK 
ZS*ZA+S1*ZEA 

IFUATOS.EO.CI  GO  TO  2ic 

CALL  KCVEP«ZA,TMAC8,S  IZ53.Z3  .  S 1 ,HTS , ZS , V  I SF R8 1 
IF(ViSFRfl.LE.3.l  GC  TG  510 
23C  I F ( LBTOA. EQ.C  I  GO  TO  2*0 

5  =  1.0-51 

CALL  K0VER(Z9,TMACA,STZ=A,ZA  ,$,HTS,ZS,  VIS  FRA  I 
1FIV  ISFRA.LE.0.1  CO  TO  51G 
2AC  ME  L  5  =  NE  LS  +  1 

I  E  L (NEL  S  I  *  I  C 
CS 1  (NEL  S J  * S i 
CS2(NELS) *52 

IF  (CPK.GT.CHTHAXI  CHTMAX=CPK 
25C  CONTINUE 

24C  CONTINUE 
C***  ALL  ELLIPSES  CHECKED 
C***  START  CN  TFE  h t  LLS 
270  CO  ECO  K  *  I  ,MGR SQ 
IX*  IGX(K) 

I Y*  I  G  Y  (  K  I 

IF(NHL(IX,IYI.EC.CI  GC  TC  6C0 
LS’LST (IX, IY) 

L6N0  =  IS*NHL (I  X ,IY I  -1 
DO  5CC  L*  L  S «  LENC 
I  *  II  ST  H  (  U 

I  F  (KhREFII  1  .EC.KTRE  F)  GO  TO  500 
KHFEP(  I  1  *KTR£P 

C***  FFOCESS I NC  FOR  FILL  I  STARTS  HERE 
KH*KH+ 1 


r 


c<<* 

c 


2iC 

2:c 

c  »** 
c*«* 


23C 


2  SC 


3ac 

2SC 


c*** 

acc 


COMPUTE  W  *TOP  CP  THIS  HILl  ALONG  C-T  LINE 

TR>*XA-XC< I ) 

TRY*YA-YCl  I) 

TF  )X=PXX ( I  I 
TP Y  Y*P  Y  Y  1 1  I 
T  FXY«PXY  (I  ) 

FO*TWOX8A*TFXX*TP.XhTWCYE  i*T  PYY  *TRY+TPXY’MTRX*YEA*TRY»X8A  I 
GC*TPXX*  X8ASG+TPYY*  YBASC*TP  XY* XY8A 
IF  (GC  .EC.O. )  GC  TO  500 
W*-FC/(2.-»GCI 

IFIA8SUJ.GT.5.I  GO  TO  fOO 
FSO*pO*PC 

EC*TPXX*TPX*  TR X*TPY Y*TRY*TRY+T  FXY*TRX*TRY 

Fav.EF=EC-F<G/<4.*GC  I 
I F  <  PCW  ER  .LT.  -3.1  CO  TO  50C 
HHW=FE  AK (I I*  EXP ( PCW tR ) 

XHW*KHh»l 

I F ( HHW .LE.8AS6I  GO  TO  SCO 
ZW*ZA-*-W*ZeA 

IF < < W.LT.O. I .CR.  < W.CT.l . 1 1  GO  TC  300 

IFIHFW  .GE.  ZW)  GO  TO  SIC 

CVHTK^O. 

IF(NELS.EC.O)  GO  TC  30C 
OC  280  N=1.NELS 

IF<  CCSKMI.GE.W  l.OR.ICSZIMI  .LE.WJ1  GO  TO  280 
IC=IEl<M) 

I F ( CVHTK.LT. CPE  AM ICII  CVH TW=C PEAK ( I C ) 

C  CP  T  IN  LE 

IF  (  (HHW-tCVHTWl  .GE.  Z  V  I  GC  TC  5  10 

IF<FHW  +  CHTPAX.LT.AP!M(2A-SIZEA,ZB-SIZEB>>  GO  TO  500 
IF  WE  GET  TC  HERE  THEN  NecC  TC  PINO  LOWEST  SIGHT  LINE  CVER  HILL 
NEWTON  ITERATION  A  TC  8  GIVING  VISFRB 
IFILATO8.EC.0I  GC  TO  400 
KV*KV+ 1 
V  =  W 

hhv*hhw 
NCT  =  C 
FV’FC*V 
T  WOG  V=2 . *G  C»  V 

fcnv=>za+hhv»<twogv*v+fv-i.) 

KN=KN+ 1 

FACTCR= (TW0GV*TWCGV  <2.*<GC+TW0GV*FCI+FSQ I 
OFCNV=HHV*V* FACTOR 

IF  (  AES ( CFCNV 1  .LT.1.E-1CI  GCTC  350 

V= V-FCNV/DFCNV 

FV  *  FC* V 

T  W0GV*2.  *GC* V 

POVER  =  EO*FV+GO*V* V 

IFIPCWER  .LT.  -3.)  CO  TO  400 

HHV=P6AK  ( I  )»  EX  F  (  FCW  IR) 

CHHV'HHVM  FO  +  TVCGVI 
ELV=ZA*CHHV*V 

IF  (ABS(HHV-ELV)  . L 1. 1 .  )  GO  TO  350 
NOT=NCT+ 1 

I F  (NCT.LT.10I  GO  TO  33C 

IF  (  ( V.LT.C. J.CR. IV.GT.l. II  GO  TC400 

C  V  HTV=  0  . 

IF  (NELS.  EC.O  )  C-0  TO  390 
DC  360  P  « 1  .NELS 

I  FI  (CS1 IP I.GE.V I .OR. (CSZ(H)  .LE.V  )  IGO  TO  350 
IC* IE l ( N  ) 

IF!  CVHTV.LT.  CPE  AM  I  C  J  J  C  VHT  V*CPE  AK 1 1 C  ) 

CONTINUE 
HTV*HHV+CVHTV 
ZV*ZA+ V*ZBA 

CALL  KCVERI 2<,TMAC8 .SIZEE.ZB.  V  ,HTV , ZV, VI SFR8 1 
[F  <  VI SFR8.LE.C. I  GC  TC  510 
NEWTCN  ITERATION  6  IC  J  GIVING  VISFRA 
IF  ( AES ( V  I.GT.5 , IGO  TC  4C0 
I F  <  L8T0A.EC. 0 1  GC  TC  5CC 
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KV*XV+  i 

v*w 

VM  1*  V- 1  . 

HHV*rHW 
NC  1  *0 
FV=FC*V 
Tt,0CV*i.*GC«  V 

43C  FC  NV=Z  b+MHV* ( (FQ+TWOGV J«VMl-l.  > 

KMkNw  1 

FAC  TGRM  TW0(.V*TWCGV‘2.  *(  CC  +  TWO  GV»FQ  I+FSO) 

OFCNV=MHV*VMl«FACTC  R 

IF  (AOS  (CFCH'-I  .L7.1.E-10I  GC  TC  450 

V*V-FuM//CF<  N V 

IF<AeS!V».CT.5.)G0  10  5CC 

VM  1  =  W-  1. 

F  V  *  F  C*  V 

TWCGV'*^.*GC,,V 

POWER  =  EQ+FV+CO^V* V 

IF  (FC-JI-R  .L"  .-3.1  CO  TC  50C 

HH  V*?E  4K  (I  )«EXP(  FCt»  ffi) 

0HHv*HhVR<  pi;  «T*CCV  ) 

ElVr Zd+CFFV»VP1 

IF  <A6  S(FhV-cLw)  .  L  T.  1.  )  GO  TO  450 
NC7*NCT-H 

IF  (NCT.LT. ICI  GC  TC  43C 

45C  IFUV.UT. 0.1. CP. (V.OT.l.)J  GO  TO  500 

CVFTV-O. 

IF  (NEL  S. £ C .  I  1  CC  TC  490 
CC  4 cO  M*1,N£LE 

1  Ft  (CS1 (v  I.GE.V )  .OR. (CS2IM)  .LE.V  )  I  GO  TO  4eo 
IC=  IEK*  1 

IMCVHTV.lT.CPEAKUC)  I  CVHT  V=CP EAK(  IC  ) 

4«C  CONTINUE 

4SC  HT\=hM'(*CVmTV 

ZV  =  Z«»-V*29* 

s--vn 

CAU  K0VERI29.TMACA  ,SI  ZE  A  ,Z  A,  S  .MTV  ,  ZV  ,  VI  SFRA1 
I F  (VI SFRA.L6.0. )  GC  TC  5 10 
‘CC  CONTINUE 

ZOC  CONTINUE 
RETURN 

«U  VIEFPA=C. 

V ]<FR0  =  C  . 

RETURN 

FNC 


APPENDIX  C 


COMPLETE  IN°UT  DATA  SET 
for  the 

SMALL-UNIT  AMPHIBIOUS  OPERATION  COMBAT  MODEL 

The  small-unit  amphibious  operation  combat  model  consists  of  two 
phases  of  combat,  ship-to-shore  and  lane  combat,  and  requires  data 
input  for  each  of  these  phases.  The  data  set  that  follows  is  divided 
into  two  parts:  the  first  part  consists  of  all  data  used  as  input  for 
the  ship-to-shore  phase  of  combat,  and  the  second  part  consists  of  all 
data  used  as  input  for  the  land  combat  phase  of  combat.  The  input  data 
set  was  designed  to  be  self-documencing  in  that  the  input  variable 
names  or  descriptive  phrases  are  listed  alongside  the  data  being  used 
as  input  to  the  model.  The  purpose  of  this  documentation  was  to  assist 
the  user  in  associating  the  inout  data  with  their' respective  input 
variables.  A  complete  input  data  set  to’ lows. 
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IPRINT 


C  FOR  E  tCH  TIME  STEP  £  1  FOR  END  OF  RATTLE. 


LVA*S  SPOMAX  *  40.00  SPDMIN  =10.5  hTMAX  =  1.7  HTMI'I  =  0.6  WIDTH  =  3.533 
TTS  =  10.  LENGTH  OF  EACH  TIME  STEP  IN  SECONDS. 

TANK  MAX  PANGS  =  150C.  ATGM  MAX  RANGE  *  2000.  ATOM  »  1  N  RANGE  =  200. 


TARTN  =  15. 

SARTM  =  30. 

TVEL 

*  250.  SVEL  = 

35C. 

TSIGV 

* 

25. 

500. 

1000  . 

2000. 

5000. 

10000. 

0 

2. 

5. 

20. 

25. 

25. 

TSIGH 

a 

25. 

500. 

1000  . 

2000. 

5000. 

1CC00. 

0 

2. 

C  _ 

20. 

25. 

25. 

7MENF 

* 

25. 

5CC  • 

1C0C. 

2000. 

5000. 

10C00. 

0 

1. 

5. 

10  . 

15. 

15. 

SSIGV 

* 

25. 

25C. 

so  a. 

1000. 

2500. 

5000. 

ICOOO 

0. 

5  . 

7  .5 

14. 

15.  5 

20 

SS1GH 

a 

25. 

250. 

500  . 

1000. 

2500. 

5000. 

ICOOO 

0. 

5. 

7.5 

IF. 

15.  5 

17. 

20 

CEF.  WEIGHTS 

ASSIGNEE 

TO  WAVE  CNE  * 

2. 

AND  WAVE  TWC 

=  1. 

AG.  OF 

L  V  A  P~ft  LAVE  =  25. 

20. 

15. 

10. 

5. 

SHCR  E 

OEF. 

TAAK  ASSET 

C  s 

10. 

ATGM  ASSETS 

=  10. 

0.00006 
O.OuO  7 
C. 0005 


ATTRIT  COEF.  FCP  AGGRESSOR  FORCE  FIRE:  ALP  FA1= 
ATTKil  Ctth.  FOR  utFENSivE  FORCE  FIRE:  BET Ai  = 

A  IF  EC  FIRE  ATTRIT  CCEF.:  W  e  ET  A  ( 1  )  = 

GAINI  =  0.32 

Gamma  =  so. a  delta  *  loc.o 

NO.  CF  HILLS  IN  TERRAIN  MOIEL  *  46 

BASE  =  c.C 

HILL  CATA:XC=  2C00.  >C= 

1800. 

2CC0. 

24CO. 

2450. 

2  7C0. 

3200. 

4300. 

3750. 

4  150. 

32CO. 

4  6C0  . 

4  800. 

22CO. 

2400  . 

2100. 

2500. 

2650. 

27CO. 

2  ECO  . 

4500. 

26CO. 

2  700. 

3  OCO. 

2150. 

2750. 

2  ECO  . 

2  6 CO. 

4150. 

1650.  _ 

2250.  21C0.  180.  150. 

22C0.  1700.  130.  80. 

2EC0.  1 4C0.  150.  165. 

2600.  2650.  150.  20. 

4150.  2CC0.  130.  160. 

4450.  2150.  120.  140. 

4850.  3600.  150.  45. 

4500.  40CO.  150.  60. 

4850.  2450.  150.  150. 

4500.  3000.  130.  45. 

4  7 CO.  24C0.  150.  50. 

4500.  20C0*  130.  0.1 

2  5C0 .  11CQ.  170.  0.1 

3250.  42CO.  150.  4=. 

4C00.  2200.  150.  45. 

•SCO.  22  CO.  150.  0.1 

LS7  (5*4 )  *  0  C  0  C  0  0  1 


JLPHA2 
e  ET  A2 

*8E  TA ( 2  I 


1 1  CO.  P  EAK  = 

170. 

A  AGH=  0.1 

S  PRO  =  3C9. 

2200. 

150. 

30. 

2  50. 

1900. 

150. 

130. 

2C0. 

1400. 

150. 

0.  1 

2  CC. 

1700. 

130. 

BO. 

cco. 

1800  . 

138. 

90. 

500. 

16  50. 

140. 

150. 

fcCC. 

1300. 

130. 

160. 

400. 

1  7  50. 

150. 

0.  1 

660. 

16C0. 

150. 

16C. 

55C. 

2150. 

130. 

25. 

SCO. 

170C. 

170. 

45. 

2  CO. 

15G0  • 

170. 

0.1 

ICO. 

260C. 

170. 

90. 

3S0. 

2eso. 

150. 

12C. 

3  CC, 

27C0. 

150. 

150. 

350. 

24CC. 

150. 

0.  1 

250. 

2850. 

150. 

160.0 

FCC. 

26C0. 

150. 

130. 

2  70. 

2  2C0. 

150. 

0.  1 

2:c. 

2600. 

150. 

90. 

sec. 

2  ECO. 

1 50. 

145. 

500, 

33CO . 

190. 

25. 

350. 

33C0. 

170. 

IS. 

400. 

27  EC. 

130. 

0.  1 

2  50. 

32C0. 

150. 

10. 

85C. 

38C0. 

150. 

0.1 

650. 

26CC. 

150. 

160. 

323. 

39  50. 

170. 

30. 

220. 

2  ICO. 

150. 

30. 

300. 

-  <•  V# 

iro. 

500. 
4CC. 
300. 
2  50. 
40C. 
450. 
440. 
250. 
400. 
25C. 
550. 
450. 
280. 
300. 
18 


O.t  CC08 
O.C  009 
0.  CC07 


ECC  = 


8.0 
2.  C 

2  . 

2.5 

2.2 

2.2 


3.  6 


27 


.  • 
1. 
2. 
2. 
1. 
1. 
2. 
1. 


1. 
2  . 
2. 
2. 
2. 


2. 

2. 

2. 

1. 

1. 

2. 

2. 

1. 

2. 

1. 

2. 

1. 

1. 

2. 

1. 

e. 

2.5 
2. 

3.5 


uivsnnOD  cDUi-4*Ji-g\nf\JOf\jO  ov/KnOvmuLjicDOO  CD  an  noun 


NHl<5.4> 


0 

c 

0 


NO,  OP  HILLS  TOTAL 


NUt  ur  r k k 

LlSTHdl  * 


NOVELS  * 


1 

6 

8 

8 

16 

2 

46 

42 

26 

35 

40 


32 

c 

39 

0 

53 

0 

62 

0 

0 

0 

74 

6 

77 

11 

fc 

14 

9 

12 

C 

3 

6 

s 

2 

3 

30 

101 

4 

43 

1 

3 

32 

g 

33 

10 

7 

11 

11 

33 

21 

43 

43 

10 

1 

12 

42 

17 

31 

2C 

45 

14 

44 

2 

18 

11 

21 

46 

25 

26 

14 

19 

16 

22 

14 

26 

27 

30 

20 

20 

12 

23 

27 

29 

23 

•3 

22 

34 
15 
28 

35 

15 

6 

34 

35 

23 

29 

36 

3 

35 

36 
24 
24 

37 

ea 

9 

10 


4 

6 

13 

14 
11 
44 
40 
25 
22 
38 


1 


93 

6 

9 


5 

7 

9 

15 

7 

45 

41 

15 

23 

39 


134 


ATTRIT  VAR  *  0  CSSED  *  143257.0  (FCP  AGGRESSOR  FORCES  I 

BETA  CIST.  INPUT  PARAMETERS:  PP  =  7.  C  QQ  =  21.0 

ATTRIT  VAR  »  0  CSEcO  »  123457.0  <FQR  DEFENSIVE  FORCESI 

BETA  CIST.  INPUT  PARAMETERS  :  PO  =  21.0  CO  =  7.0 

NC.  CEE  UNITS  *  03  NO.  ATK  UMTS  =  02 

BMINTK  *  OOCC.O  RMXTK  =  250C.G  RNlNTrt  =  0500.0  RMXTh  =  4000.0 
TYPE  CF  ROUTE  =  1  VEHICLE  5PE E C  =  4 

AlCIl.lt  =  2C00.0  YIC(l.l)  *  1EC0.0 

1SC0.C  2400.0 

1  SCO . C  2  ICO. 0 

NO.  CF  NCCES  POP  RGUTE  1  *  01 

XlOCll.11*  SCCO.C  YU CCC.il*  2SCQ.0  FOR  NODE  1  CF  RCUTE  1 

NO.  CF  NODES  FOR  POUTS  2  =  01 

XLCC (2.11=  4SC0.0  Y tCC ( 2 .1 )  *  2150.0  FOR  NODE  1  OF  ROUTE  2 

NC.  CF  NODES  FOR  RCUTE  2  =  02 

XLCC  <2.11=  22CO.U  YLOCO.ll*  17C0.0  FOR  NODE  1  Cp  PCUTE  2 

XLCC (2.21=  4  ECO • C  Y  LGC (3  .2  t  *  1  750. 0  FOR  MODE  2  Cr  PCUTE  2 

OEF  UNIT  X  =  3EC0.C  Y  *  2  TCC. Q  FCRCS10.0  01*.  I«0  WIOTh  120 

r  2800.0  22CO.O  LEVEL  5.0  CF  ISO  OF  120 

LOCATION  36C0.C  17CQ.0  10.0  FIRE  V90  SACh  120 

ALT.  PCS.  VAR.  0  BREAK  P7  CSCD. C  NC.  TIME  STEPS  FCR  MOVE  4 


XA  (1 1 

s  A  5  (JO  •  C 

YA(1) 

*  2600.0 

X  A  (  2  ) 

*  4EC0.C 

VAC  21 

*  2  7  CO. 0 

X 

=  46C0.0 

Y 

=  16C0.0 

o.ec 

0.  70 

C.  6  5 

0.35 

0.65 

0.  SC 

C.  85 

C.<30 

0.60 

0.  85 

0.85 

C.80 

0.75 

C.8C 

C.  75 

C.  70 

0.60 

C.  7 C 

C.  65 

C.  65 

0.40 

0.45 

C.40 

C.53 

P  C.  65 

PHH  0.65 

PHH  C.75 

PKH  C. 70 

o.eo 

C.  80 

0.  75 

C.70 

C.75 

G.75 

G.  70 

C.60 

C.60 

C.  6  5 

C.60 

C.  5  5 

C.45 

0.  50 

0.50 

C  .3  5 

c.;c 

C.  2C 

C.20 

C.20 

POS 


1 

2 

3 


APPENDIX  D 


BLANK  INPUT  DATA  SET 
for  the 

SMAL1.-UNIT  AMPHIBIOUS  OPERATION  COMBAT  MODEL 
The  blank  data  set  provided  with  the  small-unit  amphibious  opera- 

! 

tion  combat  mode’  was  designed  to  assist  the  more  familiar  user  of  the 
model  in  rhe  development  of  a  new  input  data  set  to  be  analyzed  by  the 
model.  It  is  patterned  after  the  complete  input  data  set  listed  in 
Appendix  C  providing  input  variable  names  or  descriptive  phrases  to 
identify  tne  locations  of  required  input  parameters.  Underlining  of 
the  spaces  following  these  descriptors  is  intended  to  serve  as  a  guide 
for  inputirg  values  for  the  input  variables  in  order  that  they  will  be 
compatible  with  the  formatted  read  statements  of  the  program.  The 
blank  inout  data  set  follows. 
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IPR  1K7  = 

IVA'S  SFCMAX  =  _ . 

TTS  - 

TANK  MAX  RANGE  *  _ 

T  ART  M  * 


0  COR  P/C H  TINS  STEP  £  1  FOR  END  CF  BATTLE. 
SPCMIN  -  .  UMAX  *  HTMIN  *  KIDTH  = 

LENGTH  Lf  It  Cl-  TIME  ST?P  IN  SECONDS. 

ATGM  Mi)  RANGE  =  _  _ .  ATGM  MIN  PANGE  = 

S  A  F  T  M  =  _ .  TV  EL  * _ .  SVEL  * _ . 


7SICH 

m 

- 

—  • 

"I 

— * 

TMENH 

M 

—  * 

— 

—  • 

- • 

- * 

SSIGV 

s 

-• 

- 

—  • 

—  • 

—  * 

SSIGH 

* 

- 

-  •- 

—  * 

— 1 

DEF. 

WEIGHTS 

ASSIGN'S 

7 C  WAVE  'n'S  = 

- " 

AND  WA?E* 

NC.  CF  LVA  PER  RAVE  * _ .  _ . 

SHGFE  C  E  F .  TANK  ASSETS  =  ATG 

ATTP.IT  CCEC.  RCF  A  GGPESSCS  FORCE  c  I S  E  SCPFA1= 
ATTRIT  CCcF.  FCS  DEFENSIVE  CCRCE  PIPE:  BeiRi  = 
AIMED  FIFE  ATTRIT  CCEF.:  K  SET  A( 1  )  = 

GAIM  =  .... 

GAMMA  =■  CPLTA  = 

no .  cf  hills  7K  Terrain  mqcel  =  *3 

BASE  =  C.C 


I.  ATGM  55SETS 


ALDPTS2 
SETA2 
t»BE  T At  2  ) 


HILL  CATA :XC  =  2 CCC.  YC  = 

1100.  PEAK 

13C0. 

22C0  . 

2CC0. 

1SC0. 

24CO. 

1 A  00  . 

2450. 

1700. 

2  TCO. 

iaco  . 

2200. 

14  50. 

a  2C  J  • 

12L0. 

2  T  50. 

1  7  50. 

A  150. 

1400. 

2  2C0 . 

2150. 

A6C0. 

1 /CO. 

A8C0  . 

1500. 

22CO. 

2  i  CO. 

2  ACO  . 

2850. 

2100. 

27C0. 

2  SCO. 

c  A  C  0  . 

2450. 

2350. 

2  TCO . 

2iCC. 

2eco. 

2  ;co. 

A5C0  . 

3  too. 

2  4  CO. 

23CJ. 

27CO. 

2300. 

2CC0. 

■=300. 

2150. 

2  7  5 C. 

2750. 

2200. 

2  £  C  0  • 

3  8  CO. 

)  4uO  . 

2400. 

A 1 50 . 

2«50 . 

1450. 

2 1 C  0  . 

2  2  50. 

2100. 

22CO. 

1  7CC  . 

2  EGO  . 

IACO. 

2  800. 

20  50. 

a  150. 

2CCC. 

4450. 

2150. 

A  850 . 

3600. 

A5C0. 

AOCO. 

A850. 

2  A  50  • 

4SC0. 

30C0. 

<  TCO. 

2  ACO. 

4S00  • 

2000. 

2  5C0. 

11C0. 

2350. 

A300. 

A  000. 

2200. 

2  SCO. 

22CO. 

LST<5,4>  *000 


1  70. 

A  NGH*  0.1  SPSQ  = 

ESS.S  ECC= 

8.0 

1:0. 

30. 

250. 

2.0 

1:0. 

130. 

300. 

2. 

150. 

0.1 

300. 

2.5 

130. 

30. 

5CC. 

2.  2 

138. 

SO. 

500. 

2.2 

1A0. 

150. 

6  CO. 

13C  . 

160. 

400. 

3.5 

150. 

0.1 

660. 

3.6 

150. 

160. 

550. 

3. 

130. 

25. 

500. 

1.5 

170. 

A  5. 

3C0. 

2.5 

170. 

0.1 

3CC. 

2.5 

1  70. 

SO. 

350. 

1.8 

150. 

120. 

3C0. 

1.8 

150  . 

150. 

350. 

2* 

150. 

0.1 

250. 

1.0 

150. 

160.0 

aCC. 

3.  0 

150. 

130. 

370. 

1.3 

TiO. 

0.  1 

23C. 

3.4 

150. 

SO. 

280. 

1.  3 

150. 

145. 

500. 

2.5 

ISO  . 

25. 

35C. 

170. 

15. 

AOO. 

2.5 

I  30. 

0.1 

350. 

2.5 

3  50  . 

10. 

850. 

5.  0 

1  50. 

0.1 

650. 

3. 

.50. 

160. 

32C. 

2,0 

.170. 

30. 

220. 

2.2 

:.5o. 

30. 

300. 

2.0 

180. 

150. 

220m 

1.2 

180. 

80. 

150. 

1.5 

150. 

165. 

5CC. 

2.7 

150  . 

20. 

ACO. 

2.5 

130. 

160. 

300. 

1.7 

330. 

1  AO. 

350. 

2.5 

150. 

A5. 

AOO. 

1.8 

150. 

60. 

450. 

2. 

150. 

150. 

440. 

1.8 

130. 

45. 

250. 

1.5 

150. 

50. 

400. 

2.5 

130. 

0.1 

250. 

1.5 

170. 

0.1 

S50. 

8. 

150. 

45. 

450. 

2.5 

150. 

45. 

280. 

2  • 

150. 

0.1 

300. 

3.5 

0 

0  17 

18  27 

0 

33 

39 

53 

62 

0 

74 

77 

e3 

NHU5.41  « 

C 

C 

0 

0 

0 

6 

11 

9 

60r  CP  HIUS 

C 

TC7n 

6 

X 

14 

9 

12 

101 

0 

3 

6 

10 

tlStHHI  * 

1 

2 

i 

30 

4 

43 

1 

3 

4 

6 

32 

33 

7 

11 

31 

42 

1 

6 

a 

9 

10 

11 

33 

43 

10 

12 

13 

E 

42 

2 

14 

30 

23 

15 

3 

14 

16 

17 

18 

1 9 

20 

- 

6 

•>  ■» 

11 

2 

31 

11 

16 

20 

22 

34 

3  '5 

44 

46 

2C 

21 

22 

12 

34 

35 

36 

40 

42 

45 

46 

14 

23 

15 

22 

24 

25 

2b 

14 

25 

26 

27 

28 

29 

1L. 

22 

NC VELS  = 

35 

40 

44 

26 

27 

29 

0 

35 

36 

37 

38 

I.O-4U1  *00 


PS».«iifs?  * — -  7ff"  §s™sm 

NC.  BEf  UNITS  *  _  NC.  AT*  UMTS  =  - 

PMINTK  -  .  PPX  T  K  *  FMRTW  * _ RMXT h  = _ . 

TYPE  CF  ROUTE  *  _  VEHICLE  IpEEC  -  - 

XICU.l)  * _ ._  YlC(l.l)  * _ . 


NC.  CF  NODE*  T3» 
XLCC (  1 » 1 1 =  ,  ... 

NC.  CF  NOOEl  TQS 

XLGC<2.1»=> _ . 

NO.  CF  NOOE*  T3R 

XLCC (  3  .1 1* _ 

XLCCC-.2M  _ 

cef  unit  x  =  _;l_ 

I 

LOCATION 

ALT.  POS.  V2S. 

X  A  (1 1  = _ 

XA ( 2  I  =*  ~  _ 

x  =»  3?33 


FOOTS  ,  « 

_  YLCCTl.ll* 
SCUTE  ,  = 

_  YLCCl2.ll* 
BOLTS  * 

_  YLCCl3.ll* 
YLCC (3,2) * 
Y  » 


BREAK  PT 

Y  A  ( 1 )  * 

Y  A( 21  * 

Y  * 


FCR  NODE  1  CF  ROUTS  1 

.71  FCR  NODE  1  OF  ROUTE  2 

.7;  FCR  NODE  1  CF  RCUTc  3 

FCR  NODE  2  CF  PCUT g  2 

FCRCE _ ._  DIR.  _ WIDTH 

L  EVEL _ ._  Cc  HZ  OF 

_ . _  FIRE  Cr;h 

NC.  TIRE  STEPS  f33  MOVE 
FCR  ALT.  POS.  1 

*  =  =  2 

«  =  =3 


P  I 


PHF 


_  Phb  z 


_  PKH 


APPENDIX  E 


EXECUTIVE  PROGRAM 
for  the 

SMALL-UNIT  AMPHIBIOUS  OPERATION  COMBAT  MODEL 

The  combat  model  presented  in  this  thesis  has  been  provided  with  an 
EXEC  program  which  is  designed  to  set  up  and  execute  all  of  the  necessary 
CMS  commands  for  the  running  of  the  model.  The  EXEC  program  will  auto¬ 
matically  BROWSE  the  output  listing  of  the  model  (AMPHIB1  LISTING) 
allowing  the  user  to  review  immediately  the  results  of  the  battle. 

A  listing  of  the  EXEC  follows. 

GLOBAL  TXTLIB  F0RTM0D2  M0D2EEH  IMSLSP  NONIMSL  CMSLIB 

FILEDEF  05  DISK  SEA  DATA 

FILEDEF  09  DISK  LAND  DATA 

FILEDEF  06  DISK  AMPHIB1  LISTING 

LOAD  AMPHIB  (START) 

BROWSE  AMPHIB  1  LISTING 


APPENDIX  F 


COMPUTER  OUTPUT 
for  the 

SMALL-UNIT  AMPHIBIOUS  OPERATION  COMBAT  MODEL 

The  computer  output  for  the  small-unit  amphibious  operation  combat 
model  was  designed  to  be  clear,  concise,  and  identifiable  to  the  user 
of  the  program.  The  combat  model  conducts  two  phases  of  combat:  ship- 
to-shore  and  land  combat.  Therefore,  the  computer  output  was  designed 
to  report  on  each  phase  of  combat.  The  computer  output  for  each  phase 
of  combat  begins  with  an  initial  information  page  which  lists  the 
input  data  provided  by  the  user  of  the  model.  The  initial  information 
page  serves  as  a  record  of  the  battle  scenario  analyzed  by  the  model, 
as  well  as  a  check  for  the  user  to  insure  that  the  input  data  provided 
were  read  correctly  by  the  model.  In  addition,  a  battle  summary 
report  is  provided  reporting  on  the  status  of  both  the  aggressor  and 
defender  forces  throughout  both  phases  of  combat.  The  computer  output 
based  up on  the  input  data  listed  in  Appendix  C  is  as  follows. 


141 


**  INITIAL  SHIF-TO-SHOFE  PHASE  INFORMATION  ** 

INITIAL  FCRCE  STRENGTH 
FAVE  12345 
LVA  25.0  20.0  15.0  10.0  5.0 


DEF.  TANK  ASSETS  *  1C.0 


DEF.  ATGN  ASSETS  *  10. 


LVA  EKGR  SPECS 

SFOMAX  SPDMIN  HTHAX  HTMIN 
40.00  10.  50  1.  70  C.fcC 

CE PENSIVE  TACTICAL  PARAMETERS 
RANGE  AIM-RELCAQ 
MAX  M!N  TIME 
TANK  1500. 0  15. LO 

ATOM  2CCC.0  2CC.0  2C.CC 

DEFENSIVE  TACTICAL  ALLOCATION  W 
NAVE  1  -  2.0C  NAVE  2  *  l.OC 

CEFENSIVE  FORCE  ATTRITION  COEFF 
ALPHA  l  BETA«A 

OT  O.OOOOA  C. 00070 

CS  O.COCC?  0.00090 

AIMEC  PIPE  ATTRITION  RATE  CCEFP 
CEFENSIVE  TANK  AMO  ATOM  A 

WE  ETA ( 1  l*C.0C0  5C  WBETA(2)*C.C00 

eREAKPOINT  ASSUMPTION:  0.3*(TCT 

CEFENCEP  ATTRITION  LEVEL  ALLOW  I 
0 • 22* ( TOTAL  DEFcNOER  FORCE) 


WIC 

2.52 


PROJECTILE 
VELCC  ITY 
250  .00 
250. CG 


EIGHTS: 
I C I  ENTS 


1C  I  ENTS  FOR 
‘SETS 

70 

AL  DEF  FORCE) 

NG  FOR  LANO  COMBAT 


APTM  SUP  FACTOR-  50. C 
OISPERSICN  DATA 


ERROR  SUP  F ACT0R  =  10 C.O 


PANGE 

TSIC-V 

RANGE 

TSIGH 

RANGE 

TMEANH 

25. C 

0.0 

25.0 

C.O 

25.  0 

0.  0 

500. C 

2..: 

50C.C 

2.0 

500.0 

1.0 

1C0C. C 

5.  C 

1 0  C  G  .  0 

5.0 

1 COO.C 

5.0 

2C00.C 

20.  C 

20CC.C 

20.0 

2  COO. 0 

10.0 

5C00. 0 

25.  C 

5000  .0 

25.0 

5COO.C 

15.0 

10CCC.C 

25. C 

1C0CC.C 

25.0 

lOCOO.C 

15.0 

PANGE 

SSI3V 

RANGE 

SS  IGH 

25. C 

C.O 

25. C 

C.O 

250. C 

5.  0 

25C  .0 

5.0 

500.  C 

7.  5 

500. C 

7.5 

ICCC.C 

14.  C 

1 0  c  c .  ^ 

14.0 

2500. C 

15.5 

2500  .C 

15.5 

5C0C.C 

17.  C 

5000.0 

17.0 

10CCC.C 

20.  C 

iOOCC.C 

2C.0 

CURRENT 
C  -  NOT 


STATUS  OF  NAVE  I  VARIABLE  DEFINITIONS 


ENGAGING 

1  -  LANCED 

2  -  UNCER  FIRE  ev  ATGM 
2  -  UNCER  FIRE  E Y  TANK 

4  -  UNCER  FIRE  £Y  BOTH  ATGM  £  T 


ANK 
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*****  THE  SHI P-TO-SHORE  PHASE  BEGINS  ***** 
ER  EAKFO  INT  REACHED  AT  TINE  *  502. S  SECCNOS 


TIME*  5C2.5  SECONDS 


HAVE 

F CKE  LEVEL 

STATUS  LCS 

■'-PC?  TOTAL  SLR VI VI NG 

I 

16.  0000 

1 

0  .360 

2 

13.0000 

1 

0.35C 

i 

11.0000 

1 

0  .25? 

A 

10.00CC 

1 

0  .0 

c 

5. OCQO 

0 

0.0 

55.00 

TANK 

0.0 

1  .coo 

ATGH 

c.o 

l  .000 

0.0 

FINAL 

LVA  SURVIVORS 

ASHORE* 

55.CCO 

LAND 

C0H6AT  STARTS 

WHILE  SHCR6 

CCNBAT  IS 

GOING  ON 

LANC 

C0H6AT  ATTACK 

TINE  =  A55. 

C  SECCNOS 
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**  INITIAL  LAND  CCN8AT  INFORMATION  ** 


LOCATION 


FORCE  LEVEL 


1 

2COO.O 

1900.0 

1S.0 

2 

1900.  0 

2400.0 

18.0 

i 

15CC.0 

21CO.O 

1  8.0 

A 

3600.0 

2700.0 

10.0 

■ 

36CO.C 

23  CO  .C 

5.0 

6 

3600.0 

17CC.0 

10.0 

ATTRITION  IS  STOCHASTIC 

ROUTES  DETERMINED  ey  USER 

ATTACK  VEHICLE  SPEED  IS  le.O  M.  P.H. 

BREAKPOINT  DISTANCE  IS  500.0  MITERS 

OEFENCER  HILL  MOVE  TO  ALTERNATE  POSITIONS 
ALTERNATE  POSITIONS  ARE: 

UNIT  X  V 

A  4500.0  3800.0 

5  4  SCO. 0  2700.0 

6  RE CO. 0  I80C.C 


ATK 

KILL 

PFG8A8 ILITISS 

RANGE 

P 

PHH 

fhm 

PKH 

500 

C  .60 

0  .  TO 

0.65 

0.85 

100C 

0.65 

C  .  90 

0.85 

0.90 

15CC 

G.SO 

0.65 

C.85 

0.75 

c.ac 

2C00 

G.75 

C  .80 

0.70 

2  SCO 

O.fcC 

O.TC 

C.fcS 

0.65 

3C00 

0.40 

0.45 

C  .  40 

C.5C 

DEF 

.  KILL 

FFC848IIITIE5 

RANGE 

P 

f  EH 

FHM 

PKH 

SCO 

C.85 

C.85 

0.75 

0.70 

10CC 

0.80 

C.8C 

C . 75 

C.7C 

1 50C 

C  .  75 

C.T5 

C.7C 

C.6C 

200C 

O.tO 

C  .65 

0  .60 

0.55 

2  SCO 

0.45 

0.5C 

0.5C 

C.  3  5 

3C00 

0.20 

C  •  c  c 

0.2C 

0.2C 

CURRENT  STATUS  OF  UNIT  I  VARIABLE  DEFINITIONS 

0  -  ALIVE  NOT  FIRING 

1  -  ALIVE  AND  FIRING 

2  -  KILLED 

3  -  MOVING 


VEHICLE  SPEED  VARIABLE  DEFINITIONS 

1- 9  MFH 

2- 12  MPH 

3- 15  MFH 
A  -  18  MFH 
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*****  THE  LAND  COMBAT  PHASE  BEGINS  ***** 
****  DEFENSIVE  FORCE  IS  ELIMIFATEC.  ENO  OF  BATTLE. 
TIME*  745  SECONDS 


AGGRESOfi  UNIT 
UNIT  X 

INFORMATION 

Y  FORCE 

LEVEL 

ST  ATU  S 

LOST-PCT 

TARGETS 

1  2354. S 

1978.9 

0  .0 

2 

1.000 

2  3744.3 

2244.3 

4.8 

1 

0.731 

5 

3  3324.7 

1721.6 

17.9 

a 

0.005 

DEFENSIVE  UNIT 
UNIT  X 

INFORMATION 

Y  FORCE 

LEVEL 

STATUS 

LOST-PCT 

TARGETS 

4  4500.0 

3800.0 

0  .0 

2 

1.000 

5  4500. C 

27CC.C 

Q.O 

2 

1.000 

2 

6  4400.0 

1800.0 

0  .0 

2 

1.000 
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